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ABSTRACT
Previously, the metamorphic rocks in the northeastern portion 
of the Alabama Hills were mapped as a single unit, (encompassing 
Triassic metasediments and metavolcanics). The following pre- 
metamorphic sequence is proposed to explain the patterns seen in the 
geologic map.
The first event in the formation of this sequence was the 
intrusion of a hypabyssal dike and sill complex of rhyolitic to 
andesitic composition into pre-existing volcanics. This stage was 
terminated by the emplacement of a basic dike swarm (lamprophyres).
The volcanic and sedimentary (?) cover associated with these dikes 
and part of the hypabyssal complex were then removed by erosion.
A layer (approximately 300 ft.) of sediments (pelitic?) was 
deposited on this erosion surface. Then a (500-600 ft.) tuff unit was 
deposited on top of the sediments. A thermal event raised most of 
these volcanics and sediments to the albite-epidote hornfels facies.
The western margin of the metamorphic body was raised to the hornblende 
hornfels facies in response to the thermal aureole associated with 
the plutonic rocks to the west.
The plutonic rocks (granites, alaskites, nordmarkites) of the 
Alabama Hills are unusual compositions for the Sierra Nevada Batholith. 
These highly differentiated rocks were emplaced along the contact
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between the plutonic and metamorphic rocks. Their residual nature 
suggests that they are part of a plutonic provence that formed from 
a more highly differentiated magma than that required to produce 
Sierran rocks. Indications are that the pressures and temperatures 
of formation of granitic rocks of the Alabama Hills were lower 
(Epizonal) that those reported for the Sierras.
The one age date available on the plutonic rocks (80 million 
years) is probably not representative of the entire spectrum of 
plutonic rocks in the Alabama Hills. Analysis of the petrographic, 
petrologic, and joint data indicates that the granitic rocks were 
emplaced as a series of intrusions. Structural relationships indi­
cate that some of the plutonic rocks are younger than the dated 
rocks.
The Sierran Frontal Fault and the Central Owens Valley 
Fault form the eastern and western boundaries of the Alabama 
Hills. Detailed mapping of basement faults in the Alabama Hills 
has revealed east-west left lateral movement associated with these 
faults. The east-west left lateral faults have been interpreted 
as second order left lateral wrench faults formed in response to 
the first order right lateral wrench faulting along the Central 
Owens Valley Fault.
Final stages in the formation of the present day expression 
of the Alabama Hills includes exhuming of a preglacial pediment 
surface as normal faulting uplifted the Alabama Hills block relative
iv
to the Owens Valley. The Alabama Hills were the draped with glacial 
outwash debris of Sherwin, Tahoe, and Tiogan glacial ages. As 
recently as 1872 (1872 Owens Valley Earthquake) the expression of the
Alabama Hills has been modified by tectonic forces.
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The Alabama Hills are a low-relief group of hills located in 
the southern Owens Valley, due east of Mount Whitney and to the west 
of Lone Pine, California. The Alabama Hills, a Mesozoic basement 
complex of metamorphic and plutonic rocks, form a north south 
irregular wedge 15 miles long, which tapers from 5 miles wide in 
the north to less than a half mile in the sduth.
The metamorphic and plutonic rocks are separated by a 
N. 30° W. trending linear contact, which was formed by a combination 
of faulting and intrusion. The metamorphic rocks, located on the 
northeastern side of this contact, consist of a sequence of meta- 
porphyies, metasediments, and metavolcanics. These rocks may be 
older or nearly contemporaneous with the Cretaceous (80 m. y.) <sk=~
plutonic rocks of the Alabama Hills.
Structurally, the Alabama Hills occupy an interesting position 
in the middle of the Owens Valley between the highest parts of the 
Sierra Nevada and the Inyo Range. Both sides of the Alabama Hills 
are bounded by normal faults with the east side down. While the 
Sierran Frontal Fault has by far the most abvious vertical displace­
ment, there is little evidence for Quaternary tectonism. The Central 
Owens Valley Fault forms the eastern boundary of the Alabama Hills. 
But unlike the Sierran Frontal Fault, this fault has been active up 
to the Holocene. Historic displacements indicate that the dominant 
movement of this fault is normal with the east side down with a
2
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Figure 1 In d e x  map show ing  the a r e a  m apped  for this thesis
minor right lateral strike slip component.
The Alabama Hills were recognized by Adolph Knopf (1918) 
as being a key province, because of their location between the 
Paleozoic metamorphic rocks of the Inyo Range and.the 
Cretaceous granitic rocks of the Sierra Nevada. Since Knopf's 
reconnaissance report, both the Sierra Nevada and the Inyo Range 
have been described in much greater detail by several authors 
(Bateman, 1965; Ross, 1962; Mayo, 1937; Moore, 1959;
Pakiser, 1960; and Everden, 1970). Knopf's reconnaissance 
mapping in the Alabama Hills has not been improved upon by any of 
the authors (see Fig. 1).
The key location of the Alabama Hills and the lack of 
detailed mapping were the principal reasons for the selection in 
January of 1971 of the Alabama Hills as this author's masters 
thesis topic. This topic was encouraged by Professor D. B. 
Slemmons, because it would compliment his Quaternary fault studies 
of the Owens Valley.
The principal objective of this thesis was to map in detail 
the unusually linear contact between the granitic rocks and the 
metamorphic rocks in the Alabama Hills (see Plate I). A second 
objective was to combine this data with petrographic, petrologic,
and structural interpretations, and then construct a model for the 




Approximately ten square miles of the Alabama Hills bedrock 
outcrops are metamorphic rocks. They occur as two separate 
bodies on the eastern margin. The southeastern body has an exposed 
area of less than one square mile. While the northeastern body is 
a nine square mile wedge. It is separated from the southern 
metamorphics by two miles of granitic outcrops (See Plate I).
In the north ten square miles of metamorphic rock consists 
of a complex of metahypabyssal rocks, metasediments, and meta­
rhyolite tuffs. Because the field relationships between these 
rock units were subtle at best, the petrography of the complex 
was studied to develop an understanding of the pre-metamorphic 
petrological and structural relationships.
Initial field classification of the metamorphic rocks was 
based on textures and mineral compositions recognizable in hand 
specimen. Texturally, the blastoporphyritic rocks were different­
iated using the size of the phenocrysts and whether or not the 
matrix was aphanitic. The darkness of the rock was used as a semi- 
quantitative measure of the aphanitic nature of the matrix. The more 
aphanitic the matrix, the darker the rock. Compositionally, the 
rocks were grouped on the basis of the dominant phenocryst. This 
classification yielded three mappable rock types:
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1- Quartz phenocrysts dominant.
2- Alkali feldspar phenocrysts.
3- Plagioclase phenocrysts dominant.
Of the several types of field groups, the classification 
based on the dominant phenocryst is the only division that was 
corroborated by petrography. The petrographic classification 
incorporates these three phenocrysts compositional groupings used 
in field mapping.
A significant distinction between rocks in the metavolcanic 
complex was made between two very similar groups of rocks with 
dominant quartz phenocrysts. The initial grouping of these rocks 
was based on field relationships and later substantiated by de­
tailed petrography. Both of these rock groups are metamorphic: one 
is a metarhyolite tuff; and the other is a metaquartz porphyry.
There are three field relationships that complimented the petrographic 
recognition of these two rock types:
1- A metasediment was mapped between the two rock 
types.
2- The quartz porphyries are conformable with the 
rest of the hypabyssal dike swarm, while the meta­
tuff is not related to any dikes but appears to 
cap the porphyries and in one place the metased­
iments .
3- The metatuff has numerous xenoliths of a more 
mafic rock (see detailed petrographic descriptions) 
while the quartz porphyry has few if any.
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The following petrographic descriptions were based on examin­
ation of approximately one hundred thin sections. Detailed 
results of the petrographic studies are presented in Appendix B 
and only generalized summaries are given below. Grain size data 
is given in terms of largest dimensions of elongate grains.
Mineral compositions where given were determined by optical 
methods.
Metarhyolite Tuff
This rock has a blastoporphyritic texture. The percentage 
of phenocrysts varies between 15 and 20% of the total rock. The 
rock has well defined percentages of quartz, alkali feldspar, 
and plagioclase as phenocrysts.
The quartz phenocrysts vary from 50 to 75% of the total 
phenocryst and they range in size from 1 to 8mm in diameter.
These phenocrysts are resorbed and embayed. The grain boundaries 
are sutured. Some of these phenocrysts are intact, while others 
have been fragmented, in some instances they have been autobrec- 
ciated. The quartz phenocrysts have recrystallized to a quartz 
mosaic in some locations, while in others they have only been 
slightly recrystallized.
The alkali feldspar phenocrysts are from 25 to 45% of 
the total phenocrysts. They range in size from 1 to 4mm in 
diameter. They are slightly resorbed; some phenocrysts are
intact, while others are fragmented. Like the quartz phenocrysts, 
the grain boundaries are sutured. Microcline and perthite were 
two types of alkali feldspar recognized. The phenocrysts are 
clouded and have partly altered to sericite.
The plagioclase feldspar phenocrysts are from 0 to 5% 
of the total phenocryst population. They range in size from 1 to 
3mm and have an An content between 22 and 27. Slight normal 
zoning was measured as 1 to 2% difference between the core and the 
rim. The grains are resorbed and fragmented. Like the alkali 
feldspar phenocrysts, the plagioclase phenocrysts are clouded 
and have been altered to sericite. (See Figures 2, 3, 4).
The remainder of this rock is composed of a heterogeneous 
mosaic of quartz, alkali feldspar, sericite, and biotite. The 
size of the individual grains in this rock appears to be a function 
of how close the rock is to the intrusive contact. Rocks not in 
close proximity to an intrusive contact have grain sizes between 
.01 and .02mm. The triple points between these grains are poorly 
developed. Grain size in the matrix increases to a range of.03 to 
.08mm in rocks near the intrusive contact. Also, the triple points 
are very well developed in these rocks. (See Appendix B page 119.)
Metamorphism of this rock has produced sericite and biotite 
(both brown and green) as two pervasize minerals. Chlorite, 
kaolinite, zoisite, and epidote were observed in some samples.




Figure 2. Metarhyolite tuff (KJr, northern capping, not near an 
exposed intrusive) showing a blastoporphyritic texture. Approximately 
thirty percent of this rock is composed of phenocrysts of quartz, 
alkali feldspar (microcline and perthite) and plagioclase (An 23 
core, An 22 rim). The groundmass has been recrystallized to a mosaic 
of granular quartz and alkali feldspar. The alkali feldspar is clouded 
and the plagioclase have sercitized. The boundaries of the phenocrysts 
have been slightly sutured and some grains are outlined with magnetite. 
This rock shows autobrecciation and healing of the phenocrysts. Some 
of the quartz phenocrysts have been recrystallized into a mosaic of 
quartz crystals. Less than five percent of the rock is composed of 
xenoliths (and pseudomorphed hornblende?) composed of biotite, 
sericite, chlorite, quartz and feldspars.
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Figure 3. Metarhyolite tuff (KJr, in close proximity to the intrusive 
contact) showing a blastoporphyritic texture. The groundmass in this 
rock has been recrystallized to a mosaic of granular quartz and alkali 
feldspar which has a composition and texture that is almost identical 
to Sample 1-5. Like 1-5 this rock has mafic xenoliths composed of 
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Figure 4. Metarhyolite tuff (KJr, bounding the contact) showing a 
blastoporphyritic texture with superimposed tension gashes. The 
groundmass has been recrystallized to a mosaic of quartz and alkali 
feldspar, but with much larger grains and better defined triple 
points than either Sample 1-5 or 1-12.
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riebecite, in them. Also, some of the plagioclase may have slight 
albitic rims.
A characteristic of this rock is the presence of xenoliths 
ranging in size from .5 to 3cm. Generally these xenoliths are non- 
porphyritic and they are more mafic in character than the host rock. 
They contain a suite of minerals similar to the host rocks but with 
a greater abundance of the more mafic minerals. Some of the mafic 
xenoliths may actually be a pseudomorphed amphibole (hornblende?).
Meta-Quartz Porphyry
In hand specimen, this rock is very similar to the meta tuff. 
Even in thin section, these rocks are similar to one another. There­
fore, the rather subtle distinctions between these two rock types 
will be stressed during the petrographic discussion of the meta­
quartz prophyry.
This rock has a blastoporphyritic texture. The percentage 
of phenocrysts varies between 10 and 40% of the total rock. Like 
the meta tuff, the phenocrysts are either quartz, alkali feldspar, or 
plagioclase.
Between 50 and 65% of the phenocrysts are quartz crystals.
They vary in size from 1 to 6mm :Ln diameter. Generally an embayed 
crystal can be found in the section, but unlike the meta tuff the 
grain boundaries have not been sutured. Some of the phenocrysts 
have been fragmented and autobrecciated, but not to as great an 
extent as the phenocrysts of the meta tuff. As a general rule, the
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quartz phenocrysts have not been recrystallized, but they are strained 
in some instances.
The alkali feldspar phenocrysts comprise between 30 and 40% 
of the total phenocrysts. They range in size from 1 to 4mm in 
diameter. These phenocrysts are slightly resorbed. They have been 
fragmented and autobrecciated, but they are only slightly clouded and 
the grain boundaries are not sutured. No exsolution textures were 
observed in the alkali feldspars.
The plagioclase feldspar phenocrysts are from 5 to 10% of 
the total phenocrysts. They range in size from 1 to 4mm and have 
an An content between 23 and 27 with very slight normal zoning. The 
crystals are resorbed and fragmented. They have been clouded, 
epidotized, and sericitized.
The matrix of this rock is composed of a mosaic of quartz, 
alkali feldspar, sericite, and biotite. The individual grains in 
the matrix range in size from .005 to .Olmrn. There was one ex­
ception where the matrix grain ranged from .06 to .08mm. Unlike 
the meta tuff, the matrix of these groups of rocks have retained the 
original devitrification textures and in some cases patches of the 
matrix are near glass. Also, the matrixes were both homogeneous and 
heterogeneous in character. The boundaries between the individual 
crystal grains are very irregular and didn't have the well developed 
triple points seen in the meta tuff. There is a schistosity in the 
matrix of some of these rocks which is not obvious in hand specimen
14










Three drawings showing the relationship between crystals 
in the matrix. An oil immersion lens was used to obtain 
the detail in the drawings. The distinction between the 
quartz and alkali feldspar was made using color and 
relief. In the drawings, a texture not present in the 
thin section was added to create a distinction between 
the two materials.
Recrystallized matrix (from a metarhyolite tuff) showing 
the relationships between the grains. Note the triple 
point development.
Recrystallized matrix (from a metarhyolite tuff) show­
ing a granoblastic polygonal texture. The triple 
points are highly developed. The closeness of this 
rock to the intrusive contact probably controlled 
their development.
Devitrified matrix (meta-quartz-porphyry) showing 
the relationships between the grains. 90% of the 
matrix is composed of interlocking grains of alkali 
feldspar and quartz. A distinction between the two 
minerals was not made in the drawing. The boundaries 
between individual mineral grains were diffuse with 
only poorly defined triple points.
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(See Figure 8).
The predominant metamorphic minerals in this rock are sericite 
and epidote. Chlorite, biotite (brown-green), and montmorillanite 
were found in only a few of the sections. (See Figures 6, 7, 8).
Xenoliths in this group of rocks are much smaller than those 
in the metarhyolite tuff and are generally not as mafic in composi­
tion. Some of the xenoliths are composed of a felted arrangement 
of plagioclase An(2 5 _3 i). Pseudomorphed amphiboles (hornblende ?) 
are well preserved in two of the samples.
There were two rocks in the meta-quartz porphyry grouping that 
were texturally unique. Sample 157-94 had partly devitrified shards 
approximately .1mm in length. Because of the dike like nature of the 
outcrop, this body of rock was interpreted as a tuff dike. Sample 
157-93a is from a fifteen foot wide dike of a aphanitic flow banded 
rock. Petrographic analysis showed this rock to be a devitrified 
glass that formed a matrix of interlocking grains of quartz and 
alkali feldspar. The microfelsitic texture in this rock makes it a 
felsophyre (felsite).
Because of the similarities between the metarhyolite tuff and 
the meta-quartz porphyry, the features used to distinguish between the 
two rock types are reviewed below:
Field distinctions
1-The metarhyolite tuff is massive and structureless in 
the field. Locally, it can be found conformably overlying 
metasediments. Mafic aphanitic xenoliths are easily 
visible in hand specimens.
16
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Figure 6. Meta-quartz-porphyry (KJpq, northeastern dike complex) 
showing a blastoporphyritic texture. Approximately thirty percent 
of this rock is composed of phenocrysts of quartz, alkali feldspar and 
plagioclase (An27 core to a 26 rim). Some of the phenocrysts have a 
"mortar" texture (note the dislocated plagioclase twin lamellae) 
again suggesting post emplacement movement. The groundmass is a 
heterogeneous devitrified aggregate of quartz, alkali feldspar and 
sericite. Some of the aggregates of epidote and chlorite may be 
psuedomorphed hornblendes.
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Figure 7. Metamorphosed quartz rhyolite "tuff dike" (KJpq, north­
eastern dike complex) showing a blastoporphyritic texture and slight 
schistosity. Approximately forty percent of the rock is composed of 
phenocrysts of quartz, alkali feldspar and plagioclase (An 27 core 
to a 26 rim)• Some of the phenocrysts have a mortar texture suggest­
ing post emplacement movement. The groundmass is a partly devitrified 
heterogeneous aggregate of quartz, alkali feldspar, and sericite with 
splintery glass shards. The alkali feldspar have been clouded and 
the plagioclase phenocrysts have been and partly altered to epidote.
A large xenolith of a more mafic rock type is depicted in 
the upper portion of the drawing. It has blastoporphyritic texture 
and schistosity with highly altered plagioclase (An 25 rim to 31 core) 










S cataclastic matrixs c h i s t o s i t y  c a u s e d  by  s e r i c i t e
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Figure 8. Crushed meta-quartz-porphyry (KJpp), in hand specimen, this 
rock is distinct in that it has pink alkali feldspar phenocrysts (part 
of the northeastern dike complex). In thin section this rock has a 
blastoporphyritic texture and schistosity. The schistosity is probably 
the result of directed pressures that have broken the matrix crystals 
and selected phenocrysts into a subcataclastic texture. The phenocrysts 
are quartz, alkali feldspar and plagioclase (An 26 core to An 25 rim), 
they range in size from 1 to 4mm. The gro’undmass is a dynamo thermally 
metamorphosed devitrified glass composed of quartz, alkali feldspar 
and sericite. Other alteration minerals are chlorite, epidote and 
leucexene.
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2-The meta-quartz porphyry occurs in well defined dikes. 
There are fewer large mafic xenoliths in these rocks.
The alkali feldspars in the rocks from the northeastern 
portion of the hills have a slight pink tint to them.
Petrographic features that distinguish the metarhyolite tuff:
1- The phenocrysts have been broken, few shale crystals 
can be found. Most of the quartz phenocrysts have 
been recrystallized to varying extents.
2- The boundary, the matrix, and the phenocryst is 
sutured.
3- The matrixes of the rocks has been recrystallized to a 
heterogeneous mosaic of quartz and alkali feldspar.
The boundaries between individual matrix grains form 
triple points that are highly developed.
4- The presence of biotite and the absence of epidote 
seems to distinguish the metarhyolite tuff.
Petrographic features that distinguish the meta-quartz porphyry:
1- The phenocrysts have been broken but generally to a 
less extent than those in the metarhyolite tuff. Little 
recrystallization has occurred in the quartz 
phenocrysts.
2- No suturing was observed between the matrix and the 
phenocrysts.
3- The matrixes of these rocks are a homogeneous to 
heterogeneous mosaic of quartz and alkali feldspars 
that formed as a result of devitrification of a glassy 
matrix. No triple points developed between crystals 
in this mosaic and there is a slight schistocity 
developed in the matrix.
Meta Alkali Feldspar Porphyry
This rock has a blastoglomeroporphyritic texture. The
rock has between 3 and 20% phenocrysts. The rock has well defined
percentages of quartz, alkali feldspar, and plagioclases.
The alkali feldspar phenocrysts can be from 50 to 65% of the
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total percentage of phenocrysts. They range in size from .3 to 
10mm in diameter and occur as glomeroporphyritic clusters that 
have been slightly resorbed and are not broken to any extent. The 
grain boundaries were slightly sutured and the phenocrysts were 
clouded and show perthitic exsolution textures.
From 30 to 50% of the phenocrysts are plagioclase. They 
range in size from .3 to 4mm in diameter and have an An content 
between 22 and 24. Slight normal zoning was measured. Like the 
alkali feldspar phenocrysts, the plagioclase phenocrysts occur 
as glomeroporphyritic clusters set in a devtirified matrix. The 
phenocrysts are only slightly resorbed and are not broken. The 
grain boundaries were mildly sutured and the phenocrysts were 
clouded and sericitized.
Between 0 and 20% of the phenocrysts are quartz crystals.
They range in size from .2 to 3mm in diameter. They are resorbed 
to the point of forming embayment, a slight suturing of the 
grain boundaries was observed. (See Figures 9, 10, 11.)
Meta Plagioclase Porphyry (Meta Porphyrites)
Field identification of meta plagioclase porphyries was based 
on the dominance of relic plagioclase phenocrysts. This rock 
outcrops, as ill defined masses, never as a dike. The plagioclase 
porphyries dominate the southern exposures of metamorphic rock 
and decreases to the north.
Texturally, this rock is blastoglomeroporphyritic. Between 
5 and 20% of the rock is composed of phenocrysts of quartz alkali
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Figure 9. Meta alkali feldspar-porphyry, (KJpa, dikes of this type 
are found in the northeastern hypabyssal dike complex) showing a well 
developed blastoglomeroporphyritic texture. 15 to 20% of this rock 
is composed of euhedral alkali feldspar phenocrysts and subhedral 
plagioclase phenocrysts. The plagioclase phenocrysts comprise 30% 
of the total phenocryst population. They are resorbed and have albitic 
rims. The An content of the core varies between An£ 2  and A^-. ^he 
groundmass has a felted texture with small lath shaped plagioclase 
crystals and anhedral alkali feldspar crystals. Chlorite, hematite, 
epidote, and sericite are found as secondary minerals in this section. 
Generally the plagioclase crystals are clouded.
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Figure 10. Meta alkali feldspar-porphyry (KJpa, from a large 
hypabyssal dike in the northeastern hypabyssal complex) showing a well 
developed blastoglomeroporphyritic texture. Phenocrysts of quartz, 
alkali feldspar, and plagioclase comprise 15 to 20% of the rock. The 
quartz phenocrysts are reoriented and embayed, while the plagioclase 
(An22_?.) and alkali feldspars are only resorbed. The matrix has 
areas of patch spherulitic devitrification surrounded by a homogeneous 
mosaic of quartz, alkali feldspar, plagioclase, and sericite. Secondary 
minerals include: epidote and chlorite. Secondary quartz veining was 
observed.
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Figure 11. Meta-alkali feldspar-porphyry (KJpa, central Alabama Hills 
obviously underlying the metarhyolite tuff) showing a well developed 
blastoglomeroporphyrite texture. Phenocrysts of plagioclase (A^^) 
and alkali feldspar (microcline) comprise 13 to 15% of the rock.
The alkali feldspar phenocrysts are perthite in some instances and 
clouded with exsolution textures in others. Both plagioclase and 
alkali feldspar phenocrysts tend to be resorbed. The matrix is a 
devitrified homogeneous mosaic of crystals. Secondary minerals 
include: chlorite, hematite, sericite, and limonite.
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feldspar or plagioclase. Quartz can either be absent or comprise 
as much as 20% of the total phenocryst. The quartz phenocrysts 
range in size from .2mm to 1mm. Similarly, the alkali feldspar 
phenocrysts can either be absent or include as much as 2 0 % of the 
total phenocrysts. The alkali feldspar phenocrysts range in 
size from .1mm to 3mm. Plagioclase phenocrysts can vary between 
60% and 1 0 0 % of the total phenocryst populations.
Generally the plagioclase phenocrysts are clouded and have 
sutured boundaries. The An content ranges between An£ 3 and An2 5 *
A microscopic characteristic of this rock is the replacement 
of the relic plagioclase and hornblende(?) by epidote, sericite, 
chlorite, calcite, biotite, and zoisite. Figures 12, 13, 14, 15 
are examples of various assemblages replacing plagioclase. The 
presence of an amphibole (hornblende ?) in the original rock is 
inferred based on the shape of the mineral aggregates of biotite, 
chlorite, and epidote.
The matrix textures in this rock vary from a felted array 
of plagioclase laths to a mosaic of spherulites that have formed 
from devitrification of a glassy matrix. Often the matrix minerals 
have been replaced by epidote, sericite, and chlorite. This type 
of replacement generally obscures the original matrix textures.
Meta (?) Microgranite
A body of meta (?) microgranite outcrops in the northwestern
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Figure 12. Meta-plagioclase-porphyry, (porphyrite, KJpp, part of 
the northeastern dike complex) showing a blastoporphyritic texture. 
Approximately fifteen percent of the rock is composed of quartz, 
alkali feldspar and plagioclase (An24 rim to An25 core) phenocrysts. 
The matrix is devitrified glass that has a spherulitric texture that 
may represent devitrified spherulites or spherulitric devitrifica­
tion. The alkali feldspar phenocrysts are clouded and the 
plagioclase phenocrysts are sericitized and epidotized.
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Figure 13. Meta-plagioclase-porphyry (porphyrite, Kjpp, part of 
the northeastern dike complex) showing a well developed 
blastoglomeroporphyritic texture. Five percent of this rock is 
composed of phenocrysts of either plagioclase (An24), alkali 
feldspar or quartz. The groundmass in this rock is a devitrified 
patchy mosaic that is homogeneous throughout the section. Some 
of the plagioclase phenocrysts have been almost completely altered 
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Figure 14. Meta-plagioclase-porphyry (porphyrite, KJpp, part of the 
northeastern dike complex) showing a well developed blastoglomero- 
porphyritic texture. Five percent of this rock is phenocrysts of 
either plagioclase or quartz. The phenocrysts are subhedral and 
only slightly resorbed in the case of the plagioclase but embayed 
in the case of the quartz. The matrix, while homogeneous on the 
whole, has a patchy texture that possibly is accentuating a relic 
devitrification texture. There are xenoliths composed of epidote 
and chlorite that may represent pseudomorphed hornblende phenocrysts. 
The plagioclase has been partly altered to sericite. Euhedral 
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Figure 15. Meta-plagioclase porphyry (porphyrite, KJpp, southern 
porphyries) showing a well developed blastoglomerporphyritic texture. 
Seven percent of this rock is composed of phenocrysts of plagioclase 
(An24). The matrix is a felted mosaic of plagioclase phenocrysts 
with a little devitrified intersitial glass. Many of the plagioclase 
phenocrysts have been altered to epidote and albite. There are 
mafic xenoliths that may represent pseudomorphed pyroxenes and 
biotite. They are composed of epidote, chlorite and granular sphene.
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portion of the Alabama Hills. It has an areal extent of less than 
one half a square mile. The contact relationships between the 
microgranite and the porphyrtitc dikes indicate that the micro­
granite was emplaced after the porphyries. Chemical trends suggest 
that the microgranite is related petrographically to the porphyries 
and not the granitic rocks.
This rock type is characterized by its non porphyritic 
texture and the alkali feldspar content being greater than two thirds 
the total feldspar content. Portions of the thin sections exhibit 
a micrographic texture. Both perthitic exsolution textures and 
albite rims on plagioclase crystals were observed. Accessory 
minerals observed include: biotite and magnetite. Secondary 
minerals include: chlorite, albite, and quartz (See Figure 16).
Lamprophyre Dikes
Mafic dikes have intruded the felsic hypabyssal dike rocks 
in the Alabama Hills. They vary in width from less than one foot 
to several tens of feet. They have been emplaced discordantly and 
concordantly to the trends of the felsic hypabyssal dikes. Many of 
the dikes were too small to be mapped at the scale used in this 
thesis, so their distribution is not accurately represented on the 
map. Only a few of the larger dikes and dike swarms were mappable 
(See Plate I).
The strikes of the lamprophyre dikes varied from north-south 
to east-west, but a north-northwest trend was by far the dominant 
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Figure 16. Meta-aphyric microgranite (associated with the northern 
hypabyssal group of rocks) showing a hypideomorphic granular texture 
and several exsolution textures.
1- Poorly developed micrographic texture between quartz and alkali 
feldspar.
2- Perthitic exsolution textures are present in some of the alkali 
feldspars.
3- Plagioclase (An2 y) crystals have albitic rims. Secondary minerals 
include: chlorite, albite, and quartz. There are occasional patches 
of fine grained quartz alkali feldspar (matrix ?).
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by Moore and Hopson (1961). They interpreted these dikes as part 
of a regional north-northwest dike sw a m  (the Independence Dike 
Swam) that projects across the Sierran Frontal fault into the 
Sierras. There are two problems with this interpretation. First, 
the Sierran provence was composed of plutons formed at mesozonal 
depth, while the plutonic. rocks of the Alabama Hills were fomed at 
epizonal depths. Secondly, the lamprophyre dikes in the Alabama 
Hills were confined to the felsic hypabyssal rocks which places 
these dikes as part of a pre-plutonic hypabyssal sequence. There­
fore, correlation across the Sierra Frontal fault cannot be made 
by using only generalized trends and generalized rock types as a 
means of correlation. Valid correlation would require a felsic 
hypabyssal host rock for the lamprophyres in both provences.
Compositionally, the lamprophyric dikes of the Alabama 
Hills are characterized by two generations of mafic minerals. Ten 
to twenty per cent of the dikes are composed of isolated euhedral 
augite phenocrysts or glomeroporphyritic aggregates. In some 
instances, hornblende can be seen replacing augite but by far the 
greater (15% to 2 0 %) percentage of hornblende occurs as acicular 
needles dispersed in a felted matrix of plagioclase (An3 3  core to 
An3Q rim) laths. From ten to twenty per cent of the dikes are composed 
of normal-oscillatory zoned anhedral plagioclase phenocrysts that 
vary compositionally from A n ^  at the core to An^Q at the rim. 
Magnetite, pyrite, and apatite are the more common accessory
minerals. One sample had quartz filling the interstitial areas in
the matrix; the same sample also had an anhedral quartz crystal as
a xenolith (See Figure 18). These rocks are altered, probably by a
deuteric process. Alteration is confined to the more calcic cores
of the plagioclase phenocrysts, typically the cores are altered to
an aggregate of calcite and sericite.
Texturally, the mafic hypabyssal rocks have a lamprophyric
or panidiomorphic granular texture which characterizes lamprophyres
(See Figure 18). Using the classification based on composition,
presented by Turner (1954, p. 85), lamprophyres from the Alabama
Hills can be classified as "spessartites" (in a general sense)
(Figure 17). Because of the presence of augite phenocrysts in some
of the dikes, the rock name "Odinite" would be more accurate for
some of these rocks. By definition, an "Odinite" is considered a
variety of spessartites that contains phenocrysts of labradorite,
augite, and hornblende (Figure 18). The ground mass has a felted
texture composed of acicular hornblende and andesine crystals with
or without quartz filling the interstitial areas (Figure 18).
There are two features that place time of formation of the
lamprophyre before the emplacement of the granitic rocks:
1-The most significant relationship that these dikes 
exhibit with their metavolcanic hosts is that the 
dikes are confined to the metaporphyries and they do not 
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Figure 17. Meta spessartite (small unmappable body, porphyritic in 
hand specimen) showing a poorly developed panidiomorphic-granular 
texture. Plagioclase (An^Q) and augite (altering to hornblende in 
some cases) comprise 30% of the total rock composition. The matrix 
forms a felted texture between plagioclase (An^) and hornblende 
laths. Accessory minerals include apatite and magnetite.
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Figure 18. Meta odenite (from the northeastern dike complex) showing 
a poorly developed panidiomorphic-granular texture. Phenocrysts of 
augite and hornblende pseudomorphing augite comprise less than 2 0 % 
of the rock. The remaining matrix is composed of hornblende and 
plagioclase An^Q arranged in a felted texture. Interstitial patches 
between these crystals are filled with quartz. The particular specimen 
is unique, because of the large subhedral quartz crystal occurring as 
a xenolith.
2-The lamprophyre dikes are not found in the gran-
itics.
Hatch, Wells, and Wells (1961, p. 383) speculated that the 
composition of a feldspar in a lamprophre probably reflects its 
association with a plutonic rock of that composition. There­
fore, in the lamprophyres, where alkali feldspars dominate, 
the dikes can be related to granites. And if the calcic plagio- 
clase dominate, they correlate with diorites. This criteria make 
it very unlikely that "odinites" with their calcic plagioclases 
are compositionally related to the granites and alkalis of the 
Alabama Hills.
Metasediments
Metasedimentary outcrops have an areal extent of less than 
one sixteenth of a square mile. This rock type outcrops in the 
north central portion of the Alabama Hills and forms a narrow band 
that overlies the metaporphyres and is in turn overlain by a 
metarhyolite tuff. This rock occurs as a discontinuous series of 
outcrops that have been intermitently covered by talus.
The outcrops of metasediment in the metamorphic provence 
occur as a biotite-muscovite-andalusite knotted schist. In the 
rock porphyroblasts of andalusite were set in a foliated matrix 
of quartz, sericite, and biotite. Foliation produced by these 
rocks was interpreted as mimicing the original stratification in the 
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Figure 19. Andalusite-biotite-muscovite knotted schist (metasediment 1 
from the northern metamorphic province) showing andalusite porphyro- 
blasts in a quartz-sericite seam with a granoblastic polygonal texture. 
Elsewhere in the section granoblastic mosaics of quartz and quartz- 
feldspathic seams alternate with the quartz-sericite seams. The 
andalusite is being replaced by sericite in some crystals. Accessory 
minerals include magnetite, biotite, and garnet.
In another out crop, a related rock lazulite was identified.
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feldspar were minor minerals. Several of the andalusite 
porphyroblasts have been almost completely altered to 
sericite.
A roof pendant of metasediment occurs as a (silici- 
fied) quartzo-feldspathic hornfels. Stratification is most 
striking on the weathered surface in haad speciman. But be­
cause of the small grain size (0 .1mm), textural relation­
ships between the quartz and alkali feldspar did not add to the 
initial hand speciman description.
While this rock is texturally and compositionally 
different from the andalusite knotted schist. The two rocks 
are spatially close enough and have similar attitude to have 
been derived from the same sediment.
Metaandes ite(?)
Associated with the quartzo-feldspathic hornfels a small 
pendant of an unusual metavolcanic occurs. This rock is 
unique in that it has blasto-amygduloidal texture. Even more 
interesting are the crystals of hypersthene, microcline, hornblende, 
and quartz filling the vesicals (Figure 20). The host rock for 
the vesicals is composed of a felted matrix of plagioclase (An^) * 
There were no stratigraphic relationships to indicate the position 
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Figure 20. Meta andesite '(?) (metamorphic pendent in the granitic 
rocks between the alkali syenite dike and the intrusive contact) show 
a blastoamygdoloidal texture. The drawing is of one of these 
amygdoloids. An idealized sketch of the felted plagioclase (An32) 
host rock is shown in the lower right hand corner. The petrogenetxc 
sequence in the vesical goes from hypersthene, microcline, hornblen e, 
and final quartz which fills in the remaining void spaces.
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Approximately sixteen square miles of the bedrock outcrops in 
the Alabama Hills are granitic rocks. They form a continuous mass 
of rock that occupies the western and central portions of the 
Alabama Hills.
The plutonic rocks can be grouped into four mappable rock types:
1- Greater than 85% were mapped as an intrusive mass ranging 
in composition from a quartz monzonite to a granite.
Relative to the other plutonic rocks, this was the first
to be emplaced. A potassium-argon date of 80 m.y. was 
published by Evernden (1971).
2- The second mappable plutonic rock comprised greater than 5% 
of the plutonic rocks. Compositionally, this rock was an 
alaskite. They intruded the granite-quartz monzonite and 
outcrop in the zone between the alkali syenite dike and
the major intrusive contact.
3- A third plutonic rock, an alkali syenite dike (50 to 80 
ft. wide), was intruded along a N. 15° W. fracture. Less 
than 5% of the plutonic rocks were of this type, which was 
an alkali syenite (normarkite). The dike was emplaced 
after the alaskite.
4- The Rattlesnake Hill pluton comprises less than 5% of the 
total plutonic rocks and has an areal extent of less than a 
quarter mile. Compositionally, this mass is the same as 
the earlier granite-quartz monzonite body, but hypabyssal 
textures and its circular shape suggest that it is a 
separate intrusion. No intrusive relationships define the 
relative age of this body with one exception; it is younger 
than the granite-quartz monzonite..
Granite-Quartz Monzonite
These rocks have a hypidiomorphic granular texture. The 
alkali feldspar content varies between 50 and 75% of the total
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feldspar. Plagioclase (An2 5 _3 0) was the other feldspar. 15 to 
2 0 % of these rocks were quartz that had filled the interstitial 
areas between the feldspars. Biotite, magnetite, and hornblende 
make up less than 1 0 % of the rock.
Alaskite
This rock has a hypidiomorphic granular texture with ex­
solution textures in several of the minerals. The alkali feldspar 
content was greater than 70% of the total feldspar. The remaining 
feldspar was plagioclase (An2 5 _3 Q)• 10 to 15% of the rock was
interstitial quartz. The mafic minerals (biotite, magnetite, and 
hornblende) make up less than 5% of the total rock.
Alkali Syenite Dike (Nordmarkite)
(Turner, 1954, p. 144)
Like the other granitics, these rocks have a hypidiomorphic 
granular texture. 80 to 90% of the rock was composed of alkali 
feldspar (perthite, microcline) (Figure 21). Between 5 and 10% of 
the rock was interstitial quartz. Biotite and magnetite form the 
remaining 4% of the rock (figure 2 1 ).
Rattlesnake Hill Granitic Rocks
Texturally and compositionally, the plutonic portions of 
this body are identical to the granite-quartz monzonite. Porphyritic 
and microgranitic textures in portions of this body characterize it
from the other rocks.
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Figure 21. Alkali syenite (nordmarkite) (the N. 30° W. trending dike) 
showing a hypideomorphic granular texture. 80% of this rock is composed 
of alkali feldspar crystals ranging in size from 2 to 10mm. Almost all 
these crystals show well developed perthite exsolution textures. The 
few plagioclase (A^^) less than 5% have well developed anti-perthite 
textures. There are less than 5% quartz (interstitial) and mafic 
minerals in the rock. This drawing is nor representative of the true 
percentage of quartz and plagioclase in the slice.
Rather than adopt 
rock, it might be
the cumbersome name nordmarkite to describe this 
easier to describe it as an alkali feldspar mush.
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Aplite, Pegmatite, and Felsophyre Dikes
A zone of aplite and pegmatite dikes were emplaced along the 
contact between the metavolcanic and plutonic rocks in the Alabama 
Hills. These dikes are hosted by both plutonic and metamorphic rocks, 
but the dike network seems to be more extensive in the plutonics. Also 
a minor aplite dike swarm is associated with the margins of an alkali 
feldspar dike that roughly parallels the contact. The generalized 
distribution of the aplite, pegmatite zone is shown in Plate I, by 
use of a pattern. Mappable aplitic, pegmatitic dike swarms were 
mapped as either aplites (ap) or pegmatites (peg).
The aplite dikes are generally flat lying and range in thickness 
from less than one inch to several feet in width. These dikes are 
characterized by an all allotrio-morphic-granular, "sacchoraidal" 
texture, and crystals rarely exceed 1mm. Greater than 98% of the 
minerals in these dikes are the light colored minerals: quartz, 
alkali feldspar, and muscovite.
The aplites and pegmatites are interrelated which is indicated 
by the fact that some aplites have segregations of coarse textured 
pegmatites. As a general rule, the pegmatites cut the aplite dikes 
and dike swarms. The pegmatite dikes range in size from a few inches to 
several yards in width. The pegmatites are usually crudely zoned and 
are generally barren of pneumatolytic minerals.
Texturally, the pegmatites vary from hypidiomorphic granular 
to the coarse grained pegmatic textures (see Figure 22). Locally,
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graphic myrmekitic and perthite textures can be seen between inter­
growths of alkali feldspars and quartz. Compositionally, quartz, 
alkali feldspar (usually perthite, micro-perthite, or microcline), 
sodic plagioclase (An25 rim to An£ 7 core) and muscovite comprise 
over 95% of the minerals in the pegmatites. Accessory minerals that 
were found rarely in the pegmatites of the Alabama Hills include: 
beryl, rutile, tourmaline (var. schorl), garnet, epidote, and 
apatite (see Figure 23).
A rock that is physically separated from the pegmatites and 
aplite dikes by greater than a mile is the felsophyre dike in the 
north end portion of the hypabyssal rocks. Because of the concordant 
nature of this dike with the other hypabyssal dikes. It was initially 
believed to have formed as part of the early hypabyssal intrusions.
The composition and textures both microscopic and macroscopic are 
not related to the intruded rocks. The composition is very similar 
to the aplite dikes along the intrusive contact. The crystals in the 
felsophyre could have formed during devitrification of a glass.
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Figure 22. Granite pegmatite (one of the pegmatites associated with 
the intrusive contact) showing a hypideomorphic granular texture. 
Alkali feldspars (perthites) have exsolved plagioclase of An£4 - They 
range in size from 2 to 6mm. The plagioclase (An2 3 ) is subhedral and 
ranges in size from less than 1 to 2mm. The quartz occupies the 
interstitial areas between the alkali feldspar and plagioclase 
crystals. Accessory minerals include biotite, sphene, and magnetite.
Figure 23 is a drawing of an alkali feldspar crystal from a coarsely 
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Figure 23. Granite pegmatite ta large alkali feldspar crystal 
(interlocking perthite)] showing an unusual replacement texture. 
This texture was interpreted as replacement of exsolved plagioclase 
by quartz and tourmaline (var. schorl). This section was cut 






One of the goals of any study of a suite of igneous rocks is 
to determine, if they could be related to a common magma.
The classical approach used by Bateman and others (1963) 
and Ross (1969), takes whole rock characteristics and plots them 
on differentiation index diagrams and ternary diagrams. This is 
the way the chemical data was plotted for this thesis. General 
trends could be recognized from these plots. But, because the 
compositions of almost all of the analyzed rocks for this thesis 
are very close to the "petrogenies residual system", other methods 
are necessary to recognize genetic relationships.
Several methods being currently used could be applied to 
this study, but are beyond the scope of this thesis. They 
include:
1- The use of phenocryst compositions combined with oxide- 
oxide diagrams to determine if removal of these phenocrysts 
could have produced the compositions of other analyzed rocks 
(Weiblen, Roedder, 1972).
2- Petrologic mixing calculations (Wright and Doherty, 1970) 
could also be applied to these analyses and a parent magma 
could be calculated from them.
3- Trace element studies similar to those used by Harrison 
and others (1971) could be used to further define 
petrogenetic relationships of these rocks.
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Instrumental Methods
A total of twenty-three samples were collected and analyzed 
for eight major elements using rapid analytical methods. The 
selection of each sample was made to facilitate comparisons and 
contrasts between rocks in the Alabama Hills and surrounding 
areas. Samples were also taken to compare geographic extremes 
of the Alabama Hills. The contact between the metamorphic and 
plutonic rocks was bracketed, each major rock type was sampled and 
samples were taken so the compositions in the granitic rocks could 
be compared as the contact was approached. The numerous published 
chemistries on rocks in adjacent provinces has made it possible 
to compare chemistries of the rocks in the Alabama Hills with 
those from the Sierra Nevada and the Inyo Range.
The locations of the samples collected in the Alabama Hills 
are shown in Figure 40. One sample not shown is Inyos I. This 
sample was taken from the body of rocks mapped as Triassic meta- 
volcanic rocks in the Inyo Range.
The samples analyzed were collected and prepared using the 
following techniques. Samples were collected from outcrops 
that display the least weathering. Often obtaining unweathered 
samples was difficult, because of the deep weathering in the 
granitic rocks. It was assumed however, that migration of major 
elements was not significant and some weathered samples were
collected.
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The initial outcrop sample was usually greater than five 
pounds. This sample was crushed in a steel jawed crusher to less 
than a half inch in diameter. A two hundred milliliter beaker was 
filled with fragments selected from this crushing. The selection 
of this material was made by excluding the pieces with crusher 
marks, pieces with iron stains, and pieces smaller than one quarter 
of an inch. This material was then crushed in a ceramic jawed 
crusher to less than a quarter inch in diameter and then split 
to approximately a five gram sample. This sample was pulverized to 
a -325 mesh powder. The powder was hand ground in an agate mortar for 
one minute. Then one gram of this powder was backed with bakelite 
and pressed at 30,000 psi against glass to form an XRF pellet. 
(Volborth, 1963a).
A Sieman's X-Ray Fluoresence Machine equipped with a tungsten 
tube was used to quantitatively determine the following oxides 
for twenty-three samples: Si02, AI2O3 , CaO, Na2 0 , K^O, MgO,
Ti0 2 , and total iron as FeO. The percentages of these oxides were 
determined using various combinations of detectors, detection 
gases, and analyzing crystals. The two types of detectors used 
were a flow proportional counter and a scintillation counter.
Depending on the element, either propane, methane, or P-10 gas 
was used in the flow proportional counter. The analyzing crystals 
were changed from PET, ADP, LiF, and KAP. Again, their use was 
dependent on the element being analyzed. Analytical conditions
49
are indicated in Appendix A.
For each element the sample was irradiated at high vaccum 
for a one minute count. Four counts were taken on each sample 
for each element. The background on each side of the peak was 
counted twice. The average was subtracted from the average 
of the four counts to obtain a corrected value. Three standards 
were used for each run. Various combinations of the standards 
G-l, G-2, GSP-1, PCC-1, and S-la were used.
While all the data is useful for comparisons made in this 
thesis there are sources of error in some of the analyses. Often 
the oxides being analyzed for were not bracketed by the standards 
and some of the curves were extrapolated beyond reasonable limits. 
The iron in the sample was determined as total iron calculated as 
FeO. The ratio 1:2 was used to arrive at the FeO and Fe2 0 3  
values necessary for computation of the catanorm and the values 
used in the ternary diagrams. The fact that the sums of the 
oxides exceed one hundred percent probably reflects counting 
errors or different matrix effects in the unknowns than in the 
standards.
Differentiation Index
A comparison of the oxide percentages of the rocks from 
the Alabama Hills was done by plotting the data on the diagram 
proposed by Thorton and Tuttle (1960, pp. 67-79). This diagram 
is based on the differentiation index (D.I.) which is the sum of the
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normative percentages of quartz, orthoclase, albite, nepheline, 
leucite, and kalsilite. The D.I. provides a semi-quantative 
measure of the basicity or the position of a magma relative to 
its final composition of D.I. 100 ("petrogeny's residua system").
In the diagram the D.I. is plotted on the horizontal axis and 
the weight percentage of the oxide is plotted on the vertical 
axis. For this thesis, six oxides were plotted. Iron was excluded 
because the percentages of the oxidation states were not 
determined.
The utility of these diagrams was greatly enhanced by 
the addition of contoured frequency distribution diagrams based 
on the plots of 5000 analyses in Washington's tables. By using 
a subdued contoured background It is possible to compare the 
trends of a large number of rock analyses with a few from the 
Alabama Hills. One other useful feature about this diagram is the 
fact that it has been accepted by some petrologists and their 
plots can easily be compared with other areas. Ross (1969,
Plate 5) combined his chemistries from the Inyo Range with those 
published by Bateman (1965), Moore (1963), and Rinehart and Ross 
(1964) for the Sierra Nevada. The generalized trends for six 
oxides are given in Figures 24, 25, and 26.
When the chemistries of rocks from the Alabama Hills were 




D I F FE R E N T I A T I O N  I N D E X
Figure 24. The percentage of SiC^ plotted against the differentiation index for rocks from the 
Alabama Hills. Sierran and Inyo Range data has been included.
The contoured background is from Thornton and Bowen (1960, p. 73). They plotted oxide 
percentages against the differentiation index for 5000 of Washington's (1917) igneous rock analyses. 
Then a square which equaled .16 percent of the total graph area was used to count the plots.
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Figure 25. The percentage of AI2O 3 and MgO plotted against the differentiation index for rocks 
from the Alabama Hills. Sierran and Inyo Range data has been included.
Figure 26. The percentage of CaO, Na20 and K2<5 plotted against the differentiation index for 
rocks from the Alabama Hills. Slerran and Inyo Range have been included.'
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1- All except one of the analyzed rocks have a 
D.I. greater than 80 (Inyos I). Sixteen of the 
rocks have a D.I. greater than 90, which empha­
sizes the highly differentiated character of the 
rocks from the Alabama Hills.
2- All but a few of the Alabama Hills analyses plot along 
the trends of Inyo Range data, Sierra Nevada data,
and the frequency contours of Washington's data, 
suggesting that these rocks have oxide ratios char­
acteristic of the more common rocks.
3- Because the Sierra Nevada trend represents a 
much more complete differentiation sequence, the 
highly differentiated nature of the Alabama Hills rocks 
seems to be more closely related to this trend.
4- The granitic rocks are clustered at the highly 
differentiated end of the Alabama Hills trend. Their 
D.I.'s are greater than 90, which classifies these 
rocks as alkali granites. The metavolcanic rocks 
fall below D.I. 91 and can be classified as alkali 
rhyolites.
5- Two rocks that fall completely off the Alabama Hills' 
trend are 100-1 and Inyos I. These rocks have much 
lower D.I.'s than the main group of Hills' rocks.
6- Sample 11-6 straddles the saturated-oversaturated 
boundary of the Si02 diagram (Fig. 24). The high 
sodium and low silica content of this rock may 
reflect sodium metasomatism.
7- The high K£0 value in sample 100-1 may reflect 
potassium metasomatism in this rock.
Ternary Plots
As part of the computerized program for determining the 
cation-norm, various ternary ratios of oxides and normative minerals 
were calculated for the analyses from the Alabama Hills. Only the 
following ternary plots are considered in this report: Alk-F-M, 
A-C-F, Si02~Ab-0r, and Na-Ca-Or.
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This type of diagram is limited in that only three variables 
can be displayed in each diagram. However, these diagrams can be 
useful when large numbers of analyses are to be compared. Often these 
diagrams show a differentiation in the oxide percentages.
Alk-F-M Diagram
Of the four ternary diagrams, the Alk-F-M diagram is particular­
ly distinctive. Figure 27 compares the fields of plots from rocks in 
the Sierras, Inyos, and the Alabama Hills. These plots are well 
defined in that both the Sierran and Inyo fields form linear trends.
The fact that the plot of the granitic rock from the Inyos is en­
closed by the Sierran field indicates that the rocks in the Inyos are 
part of an incomplete differentiation sequence as compared to the 
rocks from the Sierras. The field of the chemical plots in the 
Alabama Hills encompasses an area that intersects the Sierran trend.
The plots for these rocks are clustered at the extreme end of the 
Sierran trend which indicates that the rocks of the Alabama Hills 
are highly differentiated. The clustering of these ratios at this 
extreme, makes it much easier to relate the granitic rocks of the 
Alabama Hills to the Sierran rocks, as opposed to the incomplete 
differentiation trends reported from rocks in the Inyos 
(Figure 27A).
One notable exception to the Alabama Hills grouping is the 
plot of the ratios for Inyos I (see Figure 27A). This plot sets 
this rock and probably the rest of the metavolcanic rocks in the 
Inyos apart from the metavolcanic rocks of the Alabama Hills.
Figure 27. Ternary plots of selected oxides (in mol. percent) from the Alabama'Hills. Dashed 
lines enclose the field of eastern Sierra Nevada granitic rocks (Moore, 1963, p. 43; Rinehart 
and Ross, 1964, p. 47; Bateman, 1965, p. 63) after Ross (1969, p. 38). Dot dash lines enclose 
the field of the Inyo Mountains granitic rocks (Ross, 1969, p. 38). Dotted lines enclose the fields 
of 22 granitic and metavolcanic rocks from the Alabama Hills. . B is an enlargement of the shaded 
portion of A which shows three groupings of the rocks from the Alabama Hills: I alaskite;




An enlargement showing the details of the plots of the 
oxide ratios for the rocks from the Alabama Hills is shown in 
Figure 27B. Three distinct clusters of points were observed in 
these ratios. The groupings can be directly related to three rock 
types and three locational groupings. The first and most highly 
differentiated group is composed of rocks that might be collective­
ly termed alaskites, because they have less than five percent 
modal mafics. These rocks are confined to dike and intrusive 
masses bordering the contact between the plutonic and metamorphic 
rocks.
The second group is composed of rocks that vary composition- 
ally from alaskites through granites to quartz monzonites. These rocks 
were collected from Movie Hills, Movie Flat, and the southern 
granitic provinces. Weathering in this group of rocks is the most 
intensive of any plutonic rocks in the province and seems to 
characterize them.
The final group is composed of two separate rock types, 
which include plutonic rocks associated with Rattlesnake 
Hill and felsic metavolcanic rock of the northern metamorphic 
province. All the metavolcanic rocks are from the northeastern 
meta-quartz-porphyry, metarhyolite tuff sequence.
There are five rocks that are not in any of these three 
clusters. They include the southern metavolcanic, 100-1, a
microgranite, 12-12, a rock from Rattlesnake Hill, 36-2, and two 
metarhyolite tuffs, 136-1, 149-11.
The relationships suggested by the Alk-F-M diagram can 
be summarized as follows:
1- There are three plutonic groupings: alaskites, granites, 
and granites of Rattlesnake Hill.
2- The metaporphyries cluster in the same group as the 
Rattlesnake Hill granites.
3- The metarhyolite tuff, the microgranite, and the 
southern metavolcanic fall outside these clusters.
4- All the analyzed rocks from the Alabama Hills are 
located at the highly differentiated end of the 
Sierran trend.
Si02~Ab-0r Diagram
This diagram is presented to show that eighteen of the 
twenty-three analyzed rocks can be classified as granites or 
rhyolites using the classification proposed by Tuttle and 
Bowen (1959, p. 129). The basis for this classification was the 
fact that 75% of the normative plots of the (1269) analyzed 
plutonic and volcanic rocks of Washington, containing 80% or more 
normative albite+orthoclase+quartz, fall in a triangle a,b,c, 
(Figure 28) formed by one-third albite+one-third orthoclase+one- 
third quartz.
Of the twenty-three normative plots from the Alabama Hills 
the sample from the metavolcanics in the Inyo Range (Inyos I) was 
the only sample with less than 80% normative albite+orthoclase+ 
quartz, indicating that this rock is different from the rocks in
^  Metavolcanics 




Figure 28. Ternary plots of the normative minerals (Ab-Or-SiO-) from the Alabama Hills. These 
plots have been superimposed on a contour diagram showing the distribution of normative 
Ab-Or-Q in all the analyzed rocks (1269) in Washington's Tables containing 80% or more Ab+0r+0. 
Triangle abc represents the compositional boundary proposed by Tuttle and Bowen (1959, p. 128) 
for compositions they considered indicative of granites (or rhyolites).
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the Alabama Hills. The plots of the ternary ratios are given in 
Figure 28. The rocks that fall outside of the granite, rhyolite 
triangle have exhibited anomalous relationships in the other plots. 
Sample 100-1 from the southern metavolcanic province has shown an 
anomalous amount of K£0 in other diagrams. In the case of this 
diagram, the amount was large enough to force a plot outside 
the granite triangle. Other samples, 139-1, 11-5, and 11-6, form 
an anomalous group that may represent sodium metasomatism associated 
with an east-west fracture system (see Index of Sample Locations 
Figure 40).
Within the granite, rhyolite triangle the metavolcanic 
rocks form a group separate from the plutonic rocks (Figure 28), 
suggesting that these rocks may have originated from a differentiated 
magmatic sequence.
The relationships that are suggested by the Si02~Ab-0r 
diagram can be summarized as follows:
1- The Inyos sample is distinctive in that there is 
less than 80% normative albite+orthoclase+quartz.
2- The metavolcanic and plutonic rocks cluster in two 
separate groups.
3- 0nly four samples from the Alabama Hills fall outside 
of the compositional boundary for granites and 
rhyolites proposed by Tuttle and Bowen (1959).
4- The four anomalous rocks may have been meta- 
somatized.
An-Ab-Or Diagram
This diagram is very similar to the Si02-Ab-0r diagram in that 
it offers a comparison between the twenty-three analyzed rocks from
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the Alabama Hills and the (1269) analyzed rocks from Washington's 
tables that carry 80% or more normative Ab+Or+Q.
Some interesting relationships are shown in this diagram 
(Figure 29). The first is that the tight clustering of ternary 
data of the granitic rocks from the Alabama Hills fall close to 
the densest concentration of plots from Washington's tables, 
indicating that ratios between Ab, An, Or, in the granitic rocks 
from the Hills are very similar to those most common to granitic 
rocks of Washington's tables. Second, both the metavolcanic 
and the microgranites plot as two clusters separate from the 
granitic rocks, indicating that the three groups may have 
different origins. The third feature in this diagram is the very 
apparent exclusion of Inyos I and 100-1 from any clustering, 
again indicating that these two rocks are quite different from 
the majority of plutonic and metavolcanic rocks from the Alabama 
Hills.
A-C-F Diagram
Figure 30 is a plot of the Alabama Hills analyses on an 
A-C-F diagram. The dashed and solid lines encluse fields of 
Sierran and Inyo Range granitic rocks (Ross, 1969, p. 38).
Ross (1969, p. 36) interpreted the clustering of these rocks 
along the F-An tie line as indicative of the unaltered nature of 
the granitic rocks from the Sierran and Inyo Ranges. The cluster­
ing of rocks from the Alabama Hills away from the F-An tie line 
toward the A end of the diagram indicates that most of the
Figure 29. Ternary plots of the normative minerals (An-Ab-Or) from the Alabama Hills. These 
plots have been superimposed on a contour diagram illustrating the distribution of normative 
Ab, Or, An in all the analyzed rocks in Washington's Tables (1269) that carry 80% or more 
normative Ab+Or+Q. Contours are based 0.25 percent counter and are greater than 2, 3, 4, 5, 
and 6 percent (Tuttle and Bowen, 1959, p. 136).
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Figure 30. Ternary plots of selected oxide groups (in mol. percent) from the Alabama Hills that 
have been combined with the fields of the Sierran (solid line enclosure) and the Inyo Range 
(dashed line enclosures) (Ross, 1969, p. 38). Rocks that fall outside of these two fields are 
noted on the diagram.
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analyzed rocks from the Hills may have experienced some form of 
alteration or calcium depletion. This diagram gives a slight 
indication of clustering of the metavolcanic rocks separate from 
the granitic suite, but the separation is not as apparent as in 
other diagrams.
Summary
A summation of chemical agreements and chemical anomalies 
that were observed by comparing the published trends from the 
Sierras, Inyo Range, and Washington's tables with the analyses from 
the Alabama Hills are given below:
1- Most of the plots of the analyzed rocks from the Alabama 
Hills agree with the trends established by oxide and ternary 
plots of Washington's data, Sierran analyses, and Inyo 
Range analyses, indicating that the Alabama Hills rocks 
have oxide ratios similar to the more common rocks.
2- 0f the Sierran and Inyo trends, the Alabama Hills trend 
appears to be more closely related to the Sierran trend.
3- Both the plots of the metavolcanic and plutonic rocks 
from the Alabama Hills occur at the felsic (differentiated) 
end of these plots.
4- Using Tuttle and Bowen (1959, p. 128) classification, 
all but five of the rocks from the Alabama Hills can be 
classified as granites or rhyolites.
5- Some microclustering indicates that there may be four 
plutonic groups. The following groups were recognized: 
the alaskite contact zone; the main body granitic zone; 
the mi.crogranite zone; the Rattlesnake Hill pluton.
6- The Alabama Hills metavolcanic rocks have consistently 
appeared in a cluster separate from the plutonic rocks.
7- Two rocks that have shown consistently anomalous
plots are Inyos I and 100-1. In the case of Inyos I, 
this probably reflects a rock province different than the 





A detailed study of the metamorphism was not the principle 
objective of this thesis. Therefore, the samples were not 
systematically collected for a detailed study of the contact 
aureole. The sample collection made in the course of the field 
mapping provided only enough information to outline the major prob­
lems that exist in interpreting the information. The discussion 
below is presented to provide a basis for further study. Detailed 
tabulation of the mineral assemblage data is included in petrographic 
descriptions in Appendix B.
Because of the unique position of the Alabama Hills between the 
Sierra Nevada and Inyo Ranges (Figure 1), detailed data on the 
metamorphic history provide restraints on models of the structural 
development of the region.
The Pre-Cretaceous (80 m.y.) volcanic and sedimentary rocks 
of the Alabama Hills show a crude mineralogical zonation away from 
the intrusive contact. This zonation is interpreted as a contact 
aureole that parallels the contact between the metamorphic and 
plutonic rocks. The mineral assemblages present in these zones 
indicate that the rocks were metamorphosed at moderate to high 
temperatures (400°C to 640°C and low to moderate confining pressures 
(500 to 2000 bars) (Winkler, 1967, p. 79). The dominant metamorphic
texture observed in these rocks is simple recrystallization 
indicative of thermal metamorphism with no record of a prior 
metamorphic history. Only a few specimens from very localized 
areas have foliated textures that could be attributed to dynamo- 
thermal metamorphism (see Figures 8, 11).
The thermal metamorphism of these rocks has only 
slightly modified the original porphyritic textures 
in the metarhyolite tuff and the metaquartz porphyry. The 
most severe textural modifications occurred in the groundmass.
The original glassy matrix has been devitrified in all the rocks 
and in the highly modified rocks a mosaic with well developed 
triple points has formed.
Textures which can be attributed to dynamothermal 
metamorphism were observed, however, in localized areas in the 
Alabama Hills. The textures include "mortar" texture in some 
phenocrysts, cataclastic textures in others and crude schistosity 
defined by oriented sericite grains. All these textures occur in 
rocks that are close to known fault systems. The best examples 
are the rocks adjacent to the Central Owens Valley Fault System 
near the northeastern tip of the Alabama Hills. Whether or 
not the dynamic event was contemporaneous with the thermal event 
was not apparent in the thin sections.
One feature that seems to place faulting only slightly 
after emplacement and consolidation of the granitic rocks is the 
coarse grained alaskite dike that was emplaced along a fracture 
trending N. 30 W. The textural relationships and the near 
vertical dip of this dike places two requirements on the fracturing. 
First, the fracture occupied by this dike was a fault, as evidenced 
by the fact that there are no metamorphic rocks to the west of it 
and there are metamorphic rocks very close to the contact to the 
east. The most probable type of faulting that could create 
this relationship is one with predominantly dip slip movement.
Second, assuming that the metamorphic pendants were formed 
at shallower depths and were moved down into proximity of the 
core of the pluton. The holocrystalline texture of the dike places 
a depth and time restraint on the fracture. It had to have 
formed when magma was still available to fill the fracture. The 
magma that formed this dike was near the composition of a 
volatile rich barren pegmatite. This dike could probably be 
considered a late stage differentiate of the intrusive 
sequence.
Another mechanism that could have produced dynamic textures 
in the rocks parallel to the contact is the forceable emplacement 
of the granitic rocks. There are a few structures that can be 
attributed to the dynamic effects associated with forceable
magmatic emplacement. Adjacent to the contact, the metarhyolite 
tuff has tension gashes that do not cut the porphyroblasts (Figure 4) 
indicating that the tension gashes were formed while the rock 
was still plastic. Also some of the aplite dikes that cut the 
metarhyolite have been broken and roatated in boudinage, which 
also must have occurred when the rocks were still plastic. The 
shallow dips of the aplite dikes (less than 45°), possibly 
reflects rotation of the fractures during forceable intrusion 
(Balk, 1937). While these structures are indicative of dynamic 
emplacement they are minor, when compared to the thermal effects.
In summary, the textural data indicates that minor dynamic meta­
morphism occurred during the late stages of the magmatic 
events.
One rock type that was originally thought to have 
formed in a dynamic environment is the band of quartz-biotite- 
muscovite-andalusite foliated knotted schist located just 
east of the intrusive contact and dipping 50° to the west. The 
first interpretation was based on the assumption that the schisto- 
sity of this rock formed in response to directed pressures 
associated with forceable emplacement. Detailed petrography 
of the metamorphic rocks on both sides of the schistose zone 
showed no alignment of mineral grains in these adjacent rocks 
that could be interpreted as schistosity. Also the petrography
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of the knotted schist revealed that porphyroblasts of andalusite 
were responsible for the foliated appearance of the rock. 
Andalusite is known to be an anti-stress mineral (Winkler, 1967, 
p. 14), therefore it probably formed under thermal conditions. 
This fact removes the dynamothermal requirement for the formation 
of this zone.
The other textural feature that must be interpreted is the 
aligned muscovite grains. There are two possible explanations 
for this texture. First, they formed in response to a stress 
field or they formed parallel to relic bedding planes. Joplin 
(1968, pp. 107-8) describes schists that are almost identical to 
those from the Alabama Hills. She assigned these rocks to the 
homfels facies and ascribed the schistosity to relic bedding. 
Based on this similarity, it was assumed tha<" this band of 
knotted schist was originally a sediment that was metamorphosed 
to the hornblende-homfels facies. Petrographic relationships 
confirm that the micaceous minerals grew parallel to the 
relic bedding planes and andalusite grew as porphyroblasts in a 
matrix of sericite and quartz.
Grade of Metamorphism
An indication of the grade of metamorphism was obtained 
by plotting the chemistries of eight metavolcanic rocks from 
the Alabama Hills and one metavolcanic rock from the Inyos 
Mountains on ACF and A'KF diagrams (Figure 31). (See Appendix B
for an abbreviated petrographic description of these rocks.)
The chemistries and the mineral assemblages known to be present 
in the rocks were compared with the mineral assemblages of the 
metamorphic facies presented by Turner (1968) and Winkler 
(1967). Possible matches in chemistry, mineralogy, and their 
relationship to a mineralogic facies are discussed in the 
following section.
When considering meta-quartzo-feldspathic and meta- 
sedimentary rocks that border the intrusive contact the dominant 
mineral assemblage is the quartz-muscovite-biotite-plagioclase- 
microcline assemblage. The chemistries of seven quartzo- 
feldspathic rocks (alkali-rhyolite to calc-alkali-rhyolite based 
on a pure chemical classification) were plotted on the ACF and 
A'KF diagrams. The plots of the chemistries fall within the 
stability fields of the minerals dictated by the hornblende- 
hornfels facies (Figure 32).
Few descriptions of metamorphosed felsic rocks appear 
in the literature, making it difficult to compare the felsic 
rocks of the Hills with those of similar provinces. The lack 
of descriptions is understandable, because most of the minerals 
in this type of rock are quite refractory when they are subjected 
to thermal metamorphism. Even when they are thermally meta­
morphosed to as high a temperature as that of the hornblende-horn- 
fels facies, few mineralogical and textural changes occur.
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(153-1, 149-1, 136-1, 131-53)
:1b; Calc-alkali rhyolite
(151-251, 132-3, 157-93)
A  rhyodacite (Inyos I)
» Alkali trachyte (100-1)
See Figure 40 for the location of the numbered
©  Alkali Granites 
©  Calc-alkali granites 
©  Granodiorites
samples.
Figure 31 the chemical composition of nine metavolcanic rocks from the 
Alabama Hills plotted on the ACF and A'KF diagram. Also plotted are 
three magmatic rocks after Winkler (1967, p. 56).






Figure 32. Hornblende-hornfels facies, Alabama Hills. ACF and A'KF 
diagrams for rocks with excess SOj and K2O. Quartz and microcline are 
possible additional phases. Compositional ranges of the minerals 
have been modified from Turner (1968) and Winkler (1967).
Tie lines for cordierite are dashed to show that it is 
absent when microcline is present. Cordierite was not recognized 
in any of the rocks studied and therefore its removal from the 
diagrams shows that quartz-plagioclase-muscovite-microcline-biotite 
is the assemblage predicted for the analyzed quartzo-feldspathic 
metavolcanic rocks.
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The following descriptions summarize the textural modifications 
that were observed in the felsix rocks from the Alabama Hills.
The quartz phenocrysts show only slight straining and recrystalliza­
tion, plagioclase is usually saussuritized and unaltered phenocrysts 
usually have an An content greater than An2 2 * Alkali feldspars 
are usually clouded. Muscovite (sericite) and biotite seem to be 
the onlv minerals that occur as porphyroblasts.
Two rocks of slightly more mafic composition were also 
plotted on this diagram, one from the southern tip of the 
Alabama Hills and the other from across the valley in the meta- 
volcanic sequence of the Inyos Mountains. Their respective rock 
names based on chemistries are alkali trachyte (100-1) and rhyodacite 
(Inyos I). Their mineral assemblages also match those expected 
in the hornblende-hornfels facies (Figure 32).
Unfortunately, all of the rocks analyzed had similar 
compositions. The mineralogical facies of the Alabama Hills could 
have been thoroughly tested, if the rocks known to have andalusite, 
grossularite, diopside, and hornblende in them had been analyzed.
These minerals occur in the hornblende-hornfels facies but only in 
pelitic rock compositions (the rocks analyzed in this study are 
clearly not pelitic). An example of a rock of local distribution 
which probably has a composition in the pelitic range is the
andalusite knotted schist.
Both lower temperature assemblages of the (albite-epidote- 
homfels) and higher temperature assemblages of the (pyroxene- 
hornfels) are present in the metavolcanics. First of all, some 
rocks have abundant epidote and chlorite and a few have exsolved 
albite which are characteristic minerals of the albite-epidote- 
homfels facies. Figure 33a is a graphic representation of this 
facies on ACF and A'KF diagrams.
The minerals of the albite-epidote-homfels facies fit the 
observed minerals for the analyzed rocks located away from the 
contact. Figure 33b is a graphic representation of this facies 
on ACF and A'KF diagrams. From the areal distribution of the 
metamorphic volcanics (Figure 34), it is not clear whether or not 
the rocks of the albite-epidote-hornfels facies are part of the 
contact aureole. This is discussed further below.
The rocks included in the albite-epidote-hornfels facies 
have some additional features that must be considered to properl]? 
interpret the thermal history of these rocks. These involve an 
apparent change in metamorphic grade (?) along fractures. Several 
of these zones have garnets in them. The following hypothesis is 
offered to explain these anormalies in the facies zonation.
If the concentration of water was controlled by fractures 
during metamorphism then the environment in proximity to the
fractures would be different than the host rock. The increase in
volatiles accelerated the kinetics of mineral formation along 
the fractures, thereby allowing sections to go to equilibrium. 
Another reason for the variation in mineralogy associated with 
the fracture is that metasomatic additions could have been made 
along these fractures.
Isolated pendants in the granites contain diopside and 
hypersthene which are characteristic minerals of the pyroxene- 
hornfels facies. The compositional plots do not match the 
minerals of the pyroxene-hornfels facies. This discrepancy is 
readily explained, when the subtleties of textures in the rocks 
which contain hypersthene and diopside are considered. The 
hypersthene and diopside occur in what are thought to have been 
blastoamygdoloidal andesite which is more basic than the rocks 
analysed. Also the relic vesicles represented in this rock may 
have been filled with either a carbonate or a zenolite which 
would change the bulk chemistry of the rock. Whole rock analysis 
of the mineral assemblages in these rocks would undoubtedly show 
a composition in the diopside-hypersthene-plagioclase field of the 
A'KF diagram for the pyroxene facies (See Figure 33b).
The spatial distribution of rocks in the albite-epidote, 
hornblende, and pyroxene hornfels facies is shown in Figure 34.
The contacts between the three facies are based on textural and
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Figure 33a. Albite-epidote-hornfels facies. ACF and A'KF diagrams 
for microcline rocks with excess SiC^, K00 and A^O^. Quartz, albite 
microcline and epidote are possible additional phases. (Turner, 1968)
Figure 33b. Pyroxene-hornfels facies. ACF and A'KF diagrams for 
rocks with excess Si02 and K20. Therefore quartz and potash feldspar 
are possible additional phases. (Turner, 1968 and Winkler, 1967)
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mineralogical variations observed in thin section. The features 
used to define the pyroxene-homfels facies were the presence of 
diopside and hypersthene and that these rocks were isolated 
pendants in the granitic rock separate from the main body of 
metamorphics. The spatial distribution of the hornblende-hornfels 
facies was defined on the basis of observed mineral assemblages 
(the presence of the quartz-muscovite-biotite-plagioclase-microcline- 
andalusite assemblage) and textures (the occurrence of triple points 
in the matrix). On this basis, the rocks of the hornblende- 
homfels facies generally outline the intrusive contact of the 
plutonic rocks. The spatial distribution of the albite-epidote- 
hornfels facies was defined by the presence of the epidote-chlorite- 
sericite-plagioclase (albite)-microcline assemblage. These rocks 
are not directly associated with any intrusions (figure 34).
All the data obtained in this thesis appeared to be consistent 
with the interpretation that the metamorphism can be attributed to a 
contact aureole. However, it should be noted that this interpre­
tation is based on the petrographic study of fifty-three sections 
which may not be a representative sampling of the area mapped.
At least three other interpretations cannot be excluded.
First, the whole metamorphic province during intrusion of the
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granitic rocks may have been elevated to temperatures high enough 
to form mineral assemblages of the hornblende-hornfels facies.
Then at a later date, portions could have been retrogressively 
metamorphosed to the albite-epidote-homfels facies. This facies 
is identical to the hydrothermal phyllic facies of Burnham 
(1962, p. 799). Supporting evidence for this interpretation is 
the fact that there are mappable areas of hydrothermal alteration. 
However, within the mapped hornblende-hornfels rocks, a zone of 
lower grade alteration was mapped cutting through the rocks 
bordering the contact. And a regional alteration pattern 
that was clearly superimposed on the hornblende-hornfels rocks 
was not seen.
Another interpretation of the metamorphic patterns could 
be that prior to the intrusion of the granitic rocks, the volcanic 
and sedimentary rocks were regionally metamorphosed under the 
moderate pressures and temperatures of the greenschist facies. 
Later these mineral assemblages were raised to the hornblende- 
hornf els facies along the intrusive contact. This interpretation 
has been the traditional one used to explain the metamorphic 
assemblages in pendents in the Sierra Nevada (Best and Weiss,
1964, and Turner, 1968). But the pelitic mineral assemblages of 
the albite-epidote facies zone that these authors based their 
interpretations on are absent in the albite-epidote facies in the
Alabama Hills.
An additional interpretation involves the stratigraphy. 
Because of the high percentage of metavolcanic rock to meta- 
sedimentary rock, the main body of rock might be considered a 
volcanic pile which was subjected to the following sequence of 
events. First a hypabyssal dike and sill complex was eroded to 
a base level after which first sediments and then a thick tuff 
layer were deposited. The dike and sill complex could have under­
gone a deuteric stage of metamorphism just after the emplacement 
of the dike and sill complex. Then, a contact aureole was formed 
by intrusion of the granitic rocks.
In summary, four hypotheses for the formation of the 
observed metamorphic patterns are:
1- A contact aureole was imposed on an unaltered 
volcanic pile.
2- A high grade contact aureole was subjected to a 
later period of retrograde metamorphism.
3- A high pressure regionally metamorphosed volcanic 
pile has a low pressure contact aureole superimposed 
on it.
4- A deuterically altered volcanic pile had a 
contact aureole superimposed on it.
The interpretation that a contact metamorphic aureole was 
imposed on a volcanic pile is common to all four interpretations. 
Two questions that have not been answered in this discussion are:
1- Was the bulk of the volcanic rocks modified before, 
during or after the formation of the contact aureole?
2- What was the grade of the alteration or metaroorphism 
before the contact aureole formed?
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Temperature and Pressure of Metamorphism
Because metamorphic facies are defined by mineral assemblages 
controlled by temperature and pressure changes, it is possible 
once the metamorphic facies has been determined to define the 
temperature and pressures during metamorphism. Figures 35a and 
35b graphically show the ranges for the rocks in the Alabama Hills. 
Figure 35a is a very generalized diagram proposed by Turner to show 
the relationship between the facies. The shaded area represents 
the ranges in temperature and pressure thought to have controlled 
the mineral assemblages in the metamorphic rocks in the Alabama 
Hills.
Figure 35b shows the ranges for the three hornfels facies 
and the granite melting curve. When the field relationships 
between the metamorphic facies are applied to this diagram, some 
important conclusions can be made concerning the pressure, and 
temperature during contact metamorphism. The fact that the rocks 
of the pyroxene-hornfels facies occur exclusively as pendants 
in the granite puts the temperature of formation just below the 
melting point of the granite and places & very narrow temperature 
range of the formation of this facies. This is illustrated in 
Figure 35b, a pressure cf formation of the pyroxene-hornfels 
facies around two Kb and between 650°C and 750°C is indicated. This 
of course would change somewhat with the water content of the melt.
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Figure 35a. A tenative scheme of metamorphic facies proposed by 
Turner (1968, p. 366) showing the facies relationship to (P^=PH90) 
and T. The patterned area represents the proposed pressure and" 
temperature ranges that created the mineral assemblages observed 
in the Alabama Hills.
Figure 35b. A tenative diagram showing the P-T field of the four 
low pressure facies (Turner, 1968, p. 258). The inferred gradient 
assuming uniform pressure for the Alabama Hills.
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Conclusion
The type of metamorphism in the Alabama Hills is dominately 
thermal with localized dynamothermal effects. The textures which 
can be attributed to dynamic metamorphism formed during the late 
stages of the emplacement and cooling of the plutonic rocks.
The stresses necessary to form dynamothermal metamorphic textures 
could have resulted from forceable emplacement of magma.
The highest metamorphic grade observed is related to a 
contact aureole associated with the granitic intrusion. The main 
body of the metamorphic rocks was outside the hornblende-hornfels 
aureole (Figure 34). Whether or not they are part of the aureole 
could not be resolved with the data available, and is beyond the 
scope of this thesis.
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STRUCTURAL GEOLOGY
Structural Model for the Metamorphic Rocks
The following structural interpretation for the metamorphic 
rocks is based on geologic mapping and petrographic and petrologic 
observations discussed above. To simplify the structural interpre­
tation, several map units will be considered as a single unit. All 
of the felsic hypabyssal rocks are considered as part of a single 
hypabyssal dike swarm. The following are included under this general 
grouping of felsic hypabyssal rocks:
1- Quartz porphyries
2- Alkali feldspar porphyries
3- Undifferentiated hypabyssal rocks
A-Undifferentiated hypabyssal rocks with well
defined boundaries
5- Near aphanitic porphyries
6 - Flow banded porphyries
7- Porphyries with a dark aphanitic matrix
8- Plagioclase porphyries
Microgranites are considered as the second general unit. A third 
unit is the lamprophyre dikes, both fine grained and porphyritic 
types. Andalusite knotted schist or metgsediment is the fourth 
unit, and metarhyolite tuff is the fifth.
The felsic hypabyssal dikes are the dominant metavolcanic 
rock type. They range in width from a few feet to several hundred 
and their dips are between 35° and 85° W. One feature that seems
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to be consistent for all the dikes is the strike which varies 
only between N. 55° W. and N. 35° W. At first, these rock units 
appeared to be crudely layered volcanic sequence. But, the lack of 
any volcanic textures and the dominance of hypabyssal textures 
places a depth restriction on the rocks. The dike complex is 
very similar to the hypabyssal complex at Mt. Rainer, as described 
by Fiske and others (1963).
If the volcanic model proposed by Fiske and others (1963) 
is vigorously applied to the Alabama Hills, it would be expected that 
at depth in the pile, the volcanic textures (tuffs) and possibly 
sedimentary textures would be replaced by the hypabyssal textures 
associated with emplacement of numerous porphyritic dikes and sills. 
This is probably the case for the metaporphyries in the Alabama 
Hills.
As a volcanic pile develops it will finally attain a thick­
ness and thermal gradiant that will allow emplacement of intrusive 
rocks in the sequence. The microgranitic body in the northeastern 
portion of the Alabama Hills may have formed under these conditions, 
while the volcanic pile was still developing. Evidence that supports 
a relationship between the microgranite and the volcanic pile 
are:
1- The microgranites did not intrude either the 
metasediments, metarhyolite tuffs, or the granites.
2- The composition of the microgranites falls be­
tween the felsic porphyries and the granitic rocks 
on composition diagrams.
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3- The textures in the microgranites are char­
acteristic of hypabyssal rocks.
4- The microgranites have similar alteration 
assemblages to those found in the felsic por- 
pheries. (These assemblages are confined to the 
metamorphic rocks, Appendix B).
The final stage in the development of the volcanic sequence 
would have been the emplacement of lamprophyre dikes that are both 
discordant and concordant to the strikes of the felsic porphyry 
dikes. Like the microgranites, these dikes are believed to be 
part of the felsic porphyry complex, because they are not found 
in the metarhyolite tuff, the metasediments or the granites.
Episodic plutonism in the Mesozoic batholithic complexes in 
California and western Nevada can be reduced to five intrusive 
epochs that range between 210 and 80 m.y. (Evernden and others,
1970). The hypabyssal rocks in this pendent are probably the hypabys­
sal equivalent of one of the earlier plutonic episodes.
Erosion, Deposition, and Renewed Volcanism 
The initial volcanic activity was followed by erosion of 
the volcanic pile and deposition of a sediment (the metamorphic 
equivalent of these sediments is the andalusite knotted schist) 
on the exposed hypabyssal rocks. The schistosity in the meta­
morphosed sediment is interpreted as a mimetic texture and the 
strikes and dips obtained from the planes of schistosity are 
considered crude approximations of the bedding planes. The attitudes 
for these bodies have an average strike and dip of N. 30° W., 35° W.
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(See cross section B-B', Plate II).
Following the period of deposition, renewed erosion removed 
portions of the sedimentary cover. Then, volcanic activity capped 
the entire sequence with a rhyolite tuff. The result being that 
the tuff was deposited directly on the hypabyssal rocks at several 
places. In other areas where sediments were preserved, the tuff 
was deposited on them (See Plate I). Tilting and folding probably 
effected the felsic hypabyssal rocks and sedimentary rocks between 
erosional events. Exposure and the degree of preservation of 
sedimentary textures in the andalusite knotted schist are poor and 
initial dips and tectonically modified dips could not be 
differentiated. An indication of the tilting in these units is given 
in geologic cross sections (A-A', B-B'). Because of the small 
amount of structural data, no attempt was made to restore the original 
dips and thereby estimate the amount of structural deformation 
between erosion.
Age of the Metamorphic Rocks
The main body of granitic rocks in the Alabama Hills have 
been radiometrically dated at 80 m.y. (Evernden and others, 1970). 
Making the metavolcanic rocks older than 80 m.y. These rocks could 
easily be hypabyssal or volcanic equivalents of an earlier Sierran 
or Inyos plutonic event. This assumption creates a wide age range 
for the metavolcanic rocks: 210 m.y. to 80 m.y. (Evernden and 
others, 1970). There are two ways to narrow the large age gap:
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1- A radiometric age obtained for the meta- 
volcanics by the dating of individual minerals 
that were unaffected by the metamorphism is a 
possible way to obtain an age for the metavol- 
canic rocks.
2- A second way to date the metavolcanics could 
be an accurate correlation with the metavolcanics 
in the Inyos, which are reported to have index 
fossils in interbedded sediments.
Structural Model for the Plutonic Rocks 
Geologic, petrographic, and petrologic observations dis­
cussed above are the basis for this structural interpretation. 
Using these observations, the following five rock units were 
recognized as mappable units:
1- The main body granitics; compositionally these 
rocks vary from a granite to a quartz monzonite.
2- Granites with less 5% mafics (Alaskites). This 
rock type occurs as small isolated bodies along 
the contact between the metamorphics and plutonic 
rocks.
3- The syenite or alkali feldspar dikes; these rocks 
comprise a discontinuous series of dikes that par­
allel the contact between the metamorphics and plutonic 
rocks.
4- Aplite and pegmatite dikes form a zone that 
follows the contact between the metamorphic and 
plutonic rocks.
Initial Intrusions
Excluding the possibility of earlier intrusions that were 
remobilized and thereby obscured by later intrusions; the 
first recognizable plutonic sequence in the Alabama Hills is 
the one that comprises almost 90% of the granitic rocks.
Compositionally, these rocks vary between a granite and a quartz 
monzonite. Their radiometric age is 80 m.y. (Evernden and others, 1971).
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When the intrusive contact between the magma and the intruded 
volcanic and sedimentary rocks are considered as a local structure, 
the contact is irregular and appears to be an assimilation contact.
When the contact is considered in its entirety, an alignment of 
the assimilation lobes becomes apparent. This alinement could 
represent an early fault that partially controlled the geometry 
of the intrusive contact.
Fan or Tensional Cross Joints Develop
In the initial stages of cooling, the greatest stress 
build up was along the intrusive contact. These stresses result 
in the formation of fan or tensional cross joints. The joints 
allow migration of a volatile rich phase from the inner portions 
of the intrusion. When these fluids were cooled, aplite and 
pegmatite dikes were formed in the joints. Balk (1937) showed 
that the dip of these dikes relative to the contact, varied with 
their position on a dome shaped intrusion. In his model, the 
near vertical dikes are emplaced along Che top of the dome and 
the dips decrease as the dip of the contact between the intrusion 
and the host rock increases.
Balk’s model was applied to the aplite and pegmatite dikes 
in the Alabama Hills, to obtain an approximate dip for the 
intrusive contact. If the shape of the intrusion is assumed to 
be near domal, a qualitative measure of the amount of erosion 
necessary to explain the present geometry of the contact can be
made.
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Strikes and dips to test this model were measured for dikes 
along the contact in the northern portion of the Alabama Hills.
These dikes vary in thickness from less than one inch to over a 
foot and cut both the granitic and metamorphic rocks. Figure 36 
is a pole plot of a random sampling of eleven of these dikes.
There are too few attitudes to give the plots a statistical 
validity. But, application of Balk's model provides a qualitative 
indication that these dikes formed on the flanks of the pluton 
and the attitude of the contact is near vertical. There are 
several dikes on this plot that dip away from the contact. One 




A second plutonic rock type, the alaskite granite was emplaced 
just after the initial stage granites and quartz monzonites. The 
alaskites occur as small (less than a thousand feet at their 
greatest diameter) lens shaped intrusions that form a discontinuous 
network along the granitic side of the intrusive contact.
After emplacement of the alaskite, a fault developed to 
the west of the intrusions in the granitic complex. A dike composed 
of a mush of 90% alkali feldspar phenocrysts was emplaced along the 
fracture. A general rock name for the rock would be a syenite. Both 
the temperatures and pressures, at which this dike was formed, were
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Figure 36. Contoured point diagram (Schmidt Method) of the poles of 
the attitudes of eleven aplite dikes. Contour intervals are 3%, 2%, 
1%, 5% per 1% of area. The contours were drawn by inspection. 
Plotting and contouring methods used to construct the diagram were 
taken from Turner and Weiss (1963, p. 62).
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high enough to cause tensional cross joints to form perpendicular 
to the dike’s contacts. A second generation of near horizontal 
aplites and pegmatites were formed in these joints. Present 
exposures of the dike give it a strike of N. 30 W. and a near 
vertical dip.
Evidence for Dip Slip Movement 
There is evidence that the fault which controlled emplace­
ment of the syenite dike had a dip slip movement with the east side 
down. The following lines of evidence are offered in support of 
this type of movement:
A traverse from west to east, across the dike, 
shows two distinct rock groupings on either side 
of the dike. The side west of the dike is a homo­
geneous body of granitic rocks. There are near 
horizontal aplite dikes cutting these rocks, but 
the aplite dikes are related to the syenite dike.
The feature that makes these rocks unique is the 
absence of any metamorphic rocks. There are no 
xenoliths, schlieren, or metamorphic pendants to 
the west of the dike. By contrast, the rocks to 
the east of the dike have numerous pods and pen­
dents of metamorphic rocks. They are set in 
granitic rocks similar to those to the east. Also, 
the bodies of alaskite are only found to the east 
of the dike (See Plate I).
2-The other feature that distinguishes these two 
provinces is the difference in joint patterns on 
opposing sides of the dike. On the west side, the 
joints are continuous and appear as distinct sets 
on the air photos. The eastern rocks have joints, 
but they cannot be mapped from air photos and lack 
the systematic regularity of the western joints.
(Plate I has a compilation of the dominant joints.)
The following interpretations were made concerning these
relationships:
1- The granite-monzonite rocks on both sides of the 
dike have the same texture and composition; there­
fore, they were interpreted as part of the same 
plutonic complex.
2- The metamorphic pendents and the alaskite bodies 
to the east of the dike were interpreted as fea­
tures that would characterize the roof of the in­
trusion.
3- The absence of metamorphic rocks in the pluton 
body to the west of the dike and the well deve­
loped joint systems were interpreted as character­
izing a central portion in the plutonic complex.
This type of joint development being a result of 
the slower cooling rate in the center of the 
intrusion.
Assuming that the intrusion formed a regular domal shaped 
contact between the host rock and the intrusion, the simplest 
way to obtain the present configuration is by movement on a 
vertical fault with the east side down relative to the west side.
Jointing
The most striking structural feature in the granitic 
rocks of the Alabama Hills is the well developed joint pattern.
An exploratory study of these joints was made to determine, if 
a detailed study would produce meaningful results.
Before a joint study is attempted, it is important to know 
the type of data necessary for a proper interpretation of the 
joints. Balk (1937) stressed the importance of identifying and 
measuring flow structures in plutonic rocks, since flow patterns 
show roughly the shape of an intrusive body. When jointing is 
superimposed on this intrusive shape during cooling, the various 
types of joints can be identified and stress conditions that
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formed them can be inferred. The other features important to 
joint interpretation is the joint surface. Gramberg (1966) and 
Balk (1937) both used joint surfaces to make inferences about the 
origin of the joints and the types of stresses that formed them.
Data on flow structures and the joint surfaces were recorded 
along with the strike and dip of the joints. As this joint survey 
progressed, it became obvious that the granitic masses in the 
Alabama Hills are virtually structureless and devoid of foliation 
and lineation on a macroscopic scale. Because of the lack of a 
macroscopic fabric, the only way the search for foliation and 
lineation could be continued was by microscopic measurement of 
preferred orientations in oriented thin section. This placed 
the requirement of several hundred oriented thin sections for a 
complimentary petrofabric study of the granitic rocks. With­
out a macroscopic fabric to guide collection of the oriented 
samples, even a petrofabric study would produce questionable data. 
Therefore, this aspect of the study was abandoned.
The use of joint surfaces (plumose structure and 
type of alteration on the surface) was another way of identi­
fying different types of joints. Intensive weathering of the 
granitic rocks combined with the granular character of the rocks 
has either destroyed or prevented the formation of textures and
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structures on the joint surface. Without this data, identification 
of the joint type could not be made.
Realizing that only a qualitative interpretation of the 
jointing can be made, the data compiled for the exploratory 
survey of jointing in the Alabama Hills is presented in two 
forms.
Map Plot
First, major joint trends on the aerial photographs were 
compiled on the geologic map (Plate I). From this compilation, 
two features were apparent:
1 - Joints were well defined in the aerial photo­
graphs of the granitic rocks to the west of the 
syenite dike and jointing is not usable in the 
granitic rocks to the east of the syenite dike.
2- A second interpretation that can be made con­
cerning these patterns is that there appear to 
be isolated joint systems that are unique to 
separate intrusions.
Pole Plot
The second type of compilation added another dimension, 
when the strikes and dips of joints were measured in the field.
This survey was confined to the northern portion of the Alabama 
Hills. The strike and dip for all the joints at a particular 
location were measured. A total of three hundred joint measurements 
were made in the granitic rocks north of the Whitney Portal Road.
The poles of these measurements were then plotted on a Schmidt 
Net and contoured (See Figure 37).
Interpretation of the contour diagram in Figure 37 is subject
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Figure 37. Contoured point diagram (Schmidt Method) of the poles 
of the attitudes of 300 joint surfaces. Contour intervals are 9%, 
7%, 5%, 3%, 1%, 1/3%, per 1% of area. The contours were drawn by 
inspection. Plotting and contouring methods used to construct this 
diagram were taken from Turner and Weiss (1963, p. 62).
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to the following additional limitations:
1- The absence of textures on the joint surfaces 
and the lack of flow textures in the rock make 
it difficult to interpret a joint set as being 
the result of a particular mechanism.
2- The relative magnitudes and orientations of 
principal stress directions can be inferred from 
the joint diagram but the absolute magnitudes of 
stresses cannot be estimated.
3- It is difficult to determine if more than one 
stress system has been active on the natural joint 
network.
4- The lack of homogeneity of stress and strain in 
the rock mass makes a statistical interpretation 
difficult.
5- Graphical statistical interpretations do not con­
sider the location of poles that cannot be analyzed 
collectively.
Analysis of the pole plot shown in Figure 37 revealed 
two joint sets, but the interpretation of these joint sets is 
only qualitative, when the interpretation is restricted by 
the limitations listed above.
Using the pole plot in Figure 37, the two highest density 
clusters of poles were assumed to represent a master joint set.
The joints in this set trend N. 40° E., +10°, N. 80° W., +10 , and 
dip vertically +5°, Stress directions were analyzed as follows:
the principal stress direction ((T̂ ) N. 20 E., +10°, (CT̂ ) N. 20 W.,
o o+10 , and (O2 ) near vertical +5 .
A major joint set with joints trending N. 25° E., +5°, N. 35° 
o 0W., +5 , and dipping vertically, +5 , was analyzed as having a
principal stress direction (CT ) N. 5° W., +5 , (CT̂ ) N. 85° E., +5°,
oand (Cp near vertical to +5 .
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None of the stress directions either primary, secondary, 
or tertiary (See Figure 38c) associated with the right lateral 
couple on the Central Owens Valley Fault can be related to the 
joint sets. Also, the two joint sets do not appear to be inter­
related; inferring that they probably represent separate stress 
events that were active on the rocks. The fact that the joint 
measurements for this diagram were made without considering the 
boundaries of different plutons makes the idea of superposition 
of stress events speculative. The presence of these two joint sets 
may only represent different thermal stresses that developed as 
two separate plutonic masses cooled, each joint set being confined 
to its own pluton. The plots of the master joint sets on Plate I 
give an indication of these different sets.
The plutonic rocks of the Alabama Hills don't show the 
well developed sheet structure^ that have developed in the 
granitic rocks in some areas of the Sierra Nevada. However, 
sheet structures could be resp'onsible for some of the fractures 
measured as jointing. Figure 37 shows a concentration of flat 
lying joints that may be sheet structures.
Conclusions
With the limited data compiled for the reconnaissance 
survey, it is difficult to create a tectonic scheme that 
explains the origin of jointing. Using the patterns created 
by plotting of the master joints from serial photographs and the 
statistical analysis of three hundred joint ttitudes from the
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northwestern portion of the Hills, the following conclusions were 
reached. The majority of joints were interpreted as having re­
sulted from stresses produced during cooling of the several 
intrusions that comprise the plutonic complex. Supporting evidence 
for this interpretation is the confinement of several master joint 
sets to semicircular bodies of rock. There may have been a 
regional joint pattern that was superimposed on the cooling joints, 
but this interpretation is unsupported. Only the collection of 
several thousand joint attitudes combined with a detailed petro- 
fabric study could substantiate a regional joint network.
Structural Model for Post Plutonism Faulting 
Normal Faults (A Model)
After emplacement and consolidation of the plutonic 
complex, the large isostatic imbalance created by the intrusions 
began to equilibrate, resulting in the uplift of the complex. With 
the uplift, the surface volcanics and sediments were removed by 
erosion. As uplift continued the increasing radius of curvature 
of the mass produced tensional stresses perpendicular to the long 
axis of the body (See Appendix C). Normal faults formed in response 
to the extension. This resulted in the dropping of a keystone 
block of epizonal metamorphic and plutonic rocks down between two 
normal faults.
The Alabama Hills are this epizonal block and the Sierran
101
Frontal Fault and the Inyos Fault are two of these normal faults 
(See Plate III). The erosion surface in the Movie Flats area 
was formed as part of the pre-normal faulting erosion.
This model is complicated by a third normal fault: 
the Central Owens Valley Fault. It forms the western boundary of 
a Quaternary graben and Inyos Frontal Fault forms the eastern 
boundary of the graben.
A west to east traverse across the Owens Valley has the 
following lithological changes that are controlled by normal 
faults. The Sierra Nevada Range is composed of mesizonal quartz 
monzonites and granodiorites. Moving across the Sierran Frontal 
Fault, the epizonal granites and metamorphic rocks of the Alabama 
Hills are encountered. Further east, the Central Owens Valley 
Fault is crossed and approximately eight thousand feet of Plio- 
Pleistocene sediments have filled this portion of the valley. 
Finally, the Inyos Frontal Fault is crossed and the Paleozoic 
sediments of the Inyos Range are encountered.
As part of the final molding of the topography of the 
Alabama Hills, Plio-Pleistocene glaciation in the Sierra Nevadas 
formed outwash fans that mantle the basement exposures of the 
Alabama Hills. The final shaping occurred during the 1872 earth­
quake,when portions of the Central Owens Valley Fault moved down 
relative to the west side, as much as twenty feet.
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Holocene Lateral Displacements along the 
Central Owens Valley Fault
The most controversial aspect of the faulting in the Owens 
Valley has been whether the fault scarps associated with the 
1872 earthquake were mainly a left lateral, right lateral, or a 
purely normal type.
The controversy surrounding the 1872 faulting has divided 
the geologists and geophysicists into two camps: those who favor 
a dominant right lateral component and those who favor a dominant 
left lateral component. One feature these two groups do agree on 
is that the major component of movement on this fault is normal.
One of the better examples of the normal component is the fault 
scarp in the fan west of Lone Pine.
Workers who have published data, they felt supported the 
left lateral movement on the Central Owens Valley Fault are 
Gianella (1959) and Pakiser (1960). Right lateral proponents 
include Bateman (1966), Bonilla (1968), and Slemmons (1972).
Slemmons' work on the faulting in the Owens Valley is by far the 
most detailed. His conclusion that the dominant movement on the 
Central Owens Valley Fault was right lateral, based on detailed 
field and photogrametric study of the surface breaks thought to be 
related to the 1872 earthquake. His conclusions that the left lateral 
displacements observed along this fault are anomalous and the 
dominant lateral component of movement is right lateral, are 
substantiated in this paper.
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East-West Faults
Fourteen east-west faults were observed in the basement 
rocks (See Plate III). Their attitudes range from east-west in 
the southern portion of the Hills to N. 70° E. in the northern portion 
of the Hills. The following criteria were used to document these 
faults. Not all the faults exhibit an entire complement of features 
listed below. The principal indication of bedrock fracturing was 
the linear nature of the east-west trending canyons that are con­
spicuously straight alinements on aerial photographs. Several 
types of field evidence further documents these faults:
1- There are several displaced contacts.
2- Some of the canyons thought to be fault con­
trolled have springs on the sides of the stream 
channels paralleling the drainage.
3- Some of the fracture systems have altered zones 
of hydrothermal mineral assemblages associated with 
them.
4- In two cases, the fault surfaces are exposed by 
prospect pits.
Three of these east-west faults are unique in having docu­
mented left lateral components to their movement. The following 
observations are offered as supporting evidence for left lateral 
strike slip faulting:
1- The syenite dike mentioned in the beginning of 
this section was offset as much as 40 ft. where 
it intersects the east-west faults. All three 
offsets have a left lateral sense.
2- Striations on a slickenside bearing N. 75° W. 
and dipping 85° W. have a rake of 10° to the west.
While this observation does not support a sense of
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lateral displacement, it does substantiate a lateral 
component for this fault.
There are three faults with a documentable left lateral 
component of movement. More detailed work on some of the other east- 
west faults may show more faults with lateral components.
By far the most obvious fault system associated with the 
Alabama Hills is the Central Owens Valley Fault. It forms a linear 
boundary striking N. 15° W. between bedrock and alluvium for the 
entire length of the eastern edge of the Hills. The major component 
of movement on this fault is normal with the east side down. 
Geophysical documentation of the faulting in and about the Alabama 
Hills was done by Pakiser (1964).
From this data he made some interpretations concerning the 
buried interface between the Cenozoic deposits and the Pre- 
Cretaceous rocks adjacent to the Alabama Hills. Combining the gravity 
contour maps and gravity profiles of his report with the surface 
geology present in this report, the following features were 
considered significant:
1- Gravity data for the area between the Sierra Nevada 
Range front and the western margin of the Alabama Hills 
indicates that the alluvial fans at the foot of the 
Sierra Nevada are thin. The fact that the granitic 
rock of the Alabama Hills outcrops within one and one 
half miles of the Sierran Front gives further geological 
support to this conclusion.
2- Based on his gravity calculations Pakiser estimated 
that the depth to the Cenozoic, Pre-Cretaceous interface 
was 8000 +2000 ft. This data also indicates that the 
normal faulting is more complex than the surface faults 
indicate (See Plate II Cross section D-D').
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3- Pakiser felt that the gravity data indicated two 
east-west faults associated with the northern and 
southern ends of the Alabama Hills. These inferred 
faults are parallel to the east-west faults observed 
in the basement rock of the Alabama Hills.
4- The gravity high just north of the Alabama Hills 
was interpreted as a buried equivalent of the meta- 
morphic rocks of the northeastern Hills.
While the north-south and the east-west faults appear to
be dominant, there are a few that trend northwest and northeast.
They were interpreted as splay faults associated with the Central
Owens Valley Fault.
East-West Fault Models
Combining right lateral movement on the Central Owens Valley 
Fault with the left lateral movement on the east-west faults in the 
Alabama Hills yields an interesting tectonic model for the evolu­
tion of faulting in the Hills. This model requires one assumption, 
that there was an inherent east-west weakness prior to faulting.
One possible source of this type of weakness 5s joints, but the 
jointing trends in the granitic reck are not completely understood, 
which makes this mechanism speculative.
Figure 38a is an idealized model showing the Alabama Hills 
prior to right lateral movement on the Central Owens Valley Fault. 
The segments in this drawing infer zones of weakness. Figure 38b 
shows how these segments would respond to “a right lateral couple 
associated with the Central Owens Valley Fault. It is interesting 
that application of a right lateral couple produces left lateral 
displacements similar to those observed in the field. Also the
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Figure 38a. An idealized model of the Alabama Hills showing pre­
displacement segmentation and a right lateral couple.
Figure 38b. Shows the same segments after application of a right 
lateral couple. Note the left lateral offsets along the east- 
west faults.
Central  Owen Val ley Fault
1 s'  O r d e r  R i g h t  l a t e r a l  W r e n c h  P R I M A R Y  S T E S S
Figure 38c. Schematic diagram showing the relationships between 
primary, secondary, tertiary wrench faults in the Owens Valley, 
(modified after Moody and Hill, 1956.)
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angle between the trace of the Central Owens Valley Fault and the 
east-west left lateral faults is within a few degrees of that pre­
dicted by Moody and Hill (1956) for a second order left lateral 
wrench fault off of a primary right lateral wrench fault off of 
a primary right lateral wrench fault (Figure 38c). If this model 
is correct, it is reasonable to assume that there has been right 
lateral movement on the Central Owens Valley Fault.
Tectonic Model for the Southern Owens Valley
Moving away from the Alabama Hills, the faults bounding 
the Sierras and the Inyos are the first structural features to be 
encountered. Both these faults are normal faults with large dis- 
palcements and they have no documented lateral components (See 
Plate III).
The Sierran, Inyos, and Central Owens Valley Faults remain 
as separate faults to the north of the Alabama Hills but to the 
south the Sierran Frontal Fault merges with the Central Owens Valley 
Fault and continues to the south as a single fault. The Inyos 
Frontal Fault is obscured by a series of basalt flows to the east of 
Owens Lake and appears to die out beneath them.
To the east of Owens Lake and near the town of Darwin, a 
transverse series of faults with lateral displacement were described 
by Hall and Mackevett in 1962. The strikes of the faults in this 
system vary from N. 60° to 80° W. The major fault in this system is
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the Darwin Tear. Which trends N. 70° to 80° W. and can be traced for 
nearly ten miles. About 2200 ft. of left lateral displacement has 
been documented for this fault. While it cannot be traced into 
the Owens Valley proper, it has had enough lateral movement to be 
considered in a tectonic model.
The Owens Valley Fault System and the Darwin System break 
the basement rocks into three tectonic blocks (See Figure 39).
The Sierran block, the Inyos block, and the Coso block are 
designations to be used in this model. When the relative displace­
ments for each of the faults bounding these blocks are indicated on 
the diagram, the relative block movements become apparent. The 
Inyos block has a southernly movement on the western side and 
westerly movement on the south side. If the area bounded by these 
faults reacts as a block the resultant movement for the block 
will be in a southwesterly direction. The Coso block has easterly 
movement on the northern boundary and southernly movement on the 
western boundary. The resultant movement vector for the Coso block 
is to the southeast. The Sierran block which is virtually un­
affected by the other two blocks retains its northernly vector.
Speculation on the amount of movement between these blocks 
provides a possible explanation for the Owens Lake Basin. If the 
southeasterly movement of the Coso block was the principal movement 
vector a depression would result, as this block moved away from the
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Figure 39. Tectonic model depicting the relative block movements 
between three possible tectonic blocks. These directions were 
arrived at after compiling the known lateral movements on faults 
in the Owens Valley and surrounding areas.
It is interesting to note that this model fits the con­
clusions of -Gavex. (1969), who based his model on Quaternary surface 
faulting. CftcvfU-
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other two. This would result in a depression similar to the present- 
day basin. The movements of these blocks are not of the order 
of magnitude of displacement of the San Andreas Fault; Therefore, 
these relatively small amounts of movements can be taken up in a 
fault zone in relatively short distances. Further speculation 
on these movements is present in Appendix C.
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A P P E N D I X  A
Movie Hills + Tuttle Creek
127-1 127-2 164-1 92-1
Chemical Analyses (weight percent)
Si02 --------------------—  75.30 81.20 73.50 74.40
AI2O 3 “ “ .—  15.30 15.40 11.40 15.20
Total Iron as FeO------ —  (1-72) (1.59) (1.59) (1 .8 6 )
M g 0 --------------------------------------------------------- .23 .16 . 2 0 .23
CaO--------------------- .96 . 8 8 .92 .99
Na20-------------------- —  5.33 4.03 4.43 5.15
KoO--------------------- —  4.73 5.08 5.21 4.80
Ti0 2-------------------- .23 .16 .18 .33
Total 103.80 108.60 97.43 103.00
Catanorm (weight percent)
Qtz----------------------- - 21.30 31.20 28.50 21.30
Cor----------------------- 1.70
Orth---------------------- - 26.80 27.90 31.70 27.50
Acmt---------------------- 3.04
Na-Mt— - ------------------ 1.40
Albite-------------------- - 45.90 33.60 32.49 44.80
Anort--------------------- - 3.70 4.40 4.10
Woll------------------- — .34 1 . 8 8 .28
Ens t---------------------- .61 .41 .57 ,61
Fer-S--------------------- .59
Magt---------------------- .81 .83 .73
Hem----------------------- .23 .13 .35
Ilm----------------------- .31 . 2 1 .25 .45
Diop---------------------- . 6 8 2.31 .57
Exwol--------------------- .73
Hyp- - ■ .27 .41 .33
Di-Wo--------------------- .34 1.16 .28
Di-En--------------------- .34 .57 .28
Di-Fs--------------------- .59
Hy-En--------------------- .27 .41 .33
Exwol--------------------- .73
Pc-An---------------------- 7.50 10.77 8.29
Total 1 0 0 . 0 0 1 0 0 . 0 0 1 0 1 . 2 0 1 0 0 . 0 0
Differentiation Index 94.00 92.60 92.70 93.50
Analyzing crystals used: Si02 -PET; A1203 -ADP; Na20-KAP; CaO-PET;




11-5 1 1 - 6 13-2 139-2
Chemical Analyses (weight percent)
Si02-------------------- 72.10 66.40 75.30 75.36
Al203------------------- 17.70 17.80 15.10 15.35
Total Iron as FeO------- (1.55) (1.64) (1.49) (1.67)
M g 0--------------------- .05 .13 .04 . 1 0
CaO--------------------- .62 .72 .41 .51
Na20-------------------- 5.13 6.23 5.18 5.40
k 2o--------------------- 5.86 5.77 5.06 5.06
Ti02-------------------- .39 .25 . 2 1 .29
Total 103.34 98.93 102.85 103.69
Catanorm (weight percent)
Qtz--------------------- 16.37 5.84 22.33 20.73
Cor--------------------- 1.82 .41 .07
Orth-------------------- 33.21 33.69 28.95 28.67
Acmt--------------------
Na-Mt-------------------
Alb it e------------------ 44.19 55.29 45.05 46.51
Anort------------------- 2.95 3.44 1.97 2.43
Woll-------------------- .04
Enst-------------------- .13 .36 . 1 1 .27
Fer-S-------------------
Magt-------------------- .38 .70 . 6 8 .77
Hem--------------------- .44 .25 . 2 2 .23
Ilm- — -- ~ .52 .34 .28 .32
Diop-------------------- .07
Exwol-------------------




Hy-En------------------- .13 .31 . 1 1 .26
Exwol-------------------
Pc-An------------------- 6.26 5.86 4.19 4.96
Total 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0
Differentiation Index 93.80 94.80 93.30 95.90
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Contact Sequence + Rattlesnake Hill
139-1 36-1 36-2 36-3
Chemical Analyses (weight percent)
Si02-----------
Al203----------






























73.80 73.20 80.02 73.70
15.40 14.90 14.00 15.30
(1.57) (1.92) (2.26) (1.62)
.09 .52 .09 .24
.60 1.35 .54 .87
5.48 4.55 4.58 4.65
4.97 4.65 4.51 5.00
.18 .29 .13 . 2 1
102.26 101.33 106.13 101.60
Catanorm (weight percent)
18.48 23.17 30.57 23.06
.53 . 6 8
29.10 27.11 25.30 29.03
48.75 40.32 39.04 41.04
1.77 6.28 2.69 4.24
.45 .13
.24 1.42 .24 .65
.81 .87 1.38 .80
.17 .30 .09 . 2 0








3.50 13.48 6.44 9.37
1 0 0 . 2 1 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0


































Movie Flat + Metarhyolite Tuff
140-1 132-3 136-1 149-11
Chemical Analyses (weight percent)
74.20 75.90 74.80 74.40
15.30 14.50 14.20 14.90
(1.60) (1.67) (1.62) (1.56)
.33 .32 .37 .39
1.06 1.24 . 8 8 .74
4.73 2.40 3.07 3.43
4.82 5.94 6.18 6.40
. 2 2 . 2 1 . 2 2 .18
102.30 1 0 0 . 0 0 101.38 1 0 2 . 1 2
Catanorm (weight percent)
23.03 33.26 28.52 25.42
.44 2.03 .94 1 . 1 0
27.79 34.92 36.39 37.23
41.45 21.45 27.47 30.33
5.13 6 . 1 2 4.35 3.62
.89 .90 1 . 0 2 1.06
.75 . 8 6 .79 .90
.23 . 2 0 . 2 2 .17
.30 .29 .31 .25
.90 .90 1 . 0 2 1.06
.90 .90 1 . 0 2 1.06
1 1 . 0 2 2 2 . 2 1 13.67 10.65
1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0
90.20 89.62 92.38 92.98Differentiation Index
115
Microgranites + Mafic Volcanics
1 2 - 1 2 131-53 1 0 0 - 1 Inyos
Chemical Analyses; (weight percent)
Si02-------------------- 70.60 73.03 66.08 61.42
m 2°3------------------- 16.12 14.90 15.75 15.72
Total Iron as FeO------- (1.36) (1.89) (2 .6 6 ) (5.70)
MgO---------------------- .79 .54 .39 1.35
Cao---------------------- 1.96 1.15 3.37 3.33
Na2 0 --------------------- 4.27 4.10 1.57 3.30
k 2o --------------------- 4.71 5.33 8.95 3.42
Ti02-------------------- .31 .25 .55 .55
To tal 100.14 101.19 99.32 94.79
Catanorm (weight percent)
Qtz--------------------- 20.52 23.40 15.55 19.76
Cor---------------------- .44 .32 .62
Orth-------------------- 27.75 31.18 53.96 21.57
Acmt--------------------
Na-Mt-------------------
Albite------------------ 38.25 36.45 14.39 31.63
Anort------------------- 9.68 5.65 9.69 17.64
Woll--------------------
Enst-------------------- 2.17 1.48 1 . 1 0 4.00
Fer-S-------------------
Magt-------------------- .40 .93 .94 3.49
Hem---------------------- .37 .25 .63 .50
Ilm--------------------- .43 .35 .78 .82
Diop-------------------- 2 . 2 0
Exwol------------------- 1.85
Hyp 2.17 1.48 3.98
Di-Wo------------------- 1 . 1 0
Di-En------------------- 1 . 1 0
Di-Fs-------------------
Hy-En------------------- 2.17 1.48 3.98
Exwol------------------- 1.85
Pc-An------------------- 2 0 . 2 0 13.42 40.25 35.80
Total 1 0 0 . 0 0 1 0 0 . 0 0 101.85 1 0 0 . 0 0




Chemical Analyses (weight percent)
Si02 76.02 81.48 80.38
AI2O 3
Total Iron as FeO
15.46 13.89 14.70
(1.50) (1.87) (1.95)
MgO .33 .28 .55
CaO 1.47 1.08 . 8 8
Na20 2.59 3.22 4.42
K20 4.73 5.60 4.88
Ti02 .16 . 2 1 .24































.14 .19 . 2 2




1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0
86.96 92.22 92.50Differentiation Index
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"Approximate Modes"










92-1 11-5 36-3 11-5
40 40 10 <1
40 40 60 80
15 15 20 15
<3 <3 <3 <3
<1 < 1 <1 <1
<1 <1 <1 <1
100 100 95 101
nrfy
127 -
Q  Whole rock sample location
^  Age date location
(after Everden, 1970)
Figure 40. Sample locations of rocks 
analyzed for eight elements. Using 
XRF methods.
Appendix B







Figure 41. Sample locations of metarhyolite tuffs. Solid dots are 
samples described in the petrography section.
METARHYOLITE PORPHYRY (NORTHEASTERN CAP)
Slice No.
Phenocryst Z Type of Size Z of total
Figure No. phenocrysts Dimensional
extremes
phenocrysta
12-3/4 qtz l-3mm 75%
15%+5 alkali feld. l-2mra 20%
1-5 qtz 1-4 mm 602
252+5 alkali feld. 1-4 mm 352
Figs. 2, 5a plag.(An23_24> l-2mm 52
12-9 qtz 1-4 ran 502
252+5 alkali feld. l-4mra 452
Fig. 5b plag.(An27_25> l-2mm 52
7-12 qtz l-4ram 552
252+5 alkali feld. l-3mm 402
plag.(An24_23> l-2nun 52
150-3a qtz l-3mm 702
202+5 alkali feld. l-3mm 252
(microcline)




size of matrix cry­
stals in mm.
Secondary minerals Xenolith description
Not embayed qtz-alkali-sericite serici te present
sutured biotite-triple biotite





Embayed qtz-alkali-sericite chlorite biotite
slightly bioti te-magnetite- serici te sericite







Embayed qtz-alkali-sericite sericite biotite
recryatal- biotite-raagnetite- epidote sericite
lized bound­ triple points-.02- biotite magnetite
aries sutured .04 (heterogeneous) (green, brown) 
qtz
epidote
Embayed qtz-alkali-sericite sericite biotite
recrystal­ biotite-magnetite- chlorite sericite
lized bound­ triple points-.01- biotite magnetite
aries .02 (heterogeneous) (green)
qtz
Embayed qtz-alkali-sericite sericite sericite
recrystal­ biotite-magnetite- biotite biotite




METARHYOLITE PORPHYRY (NORTHEASTERN CAP)
Slice No.
Phenocryst Z Type of Size Z of total
Figure No. phenocryst8 Dimensional phenocryate
extremes
150-12 qtz l-4mm 70Z
15Z +5 alkali feld. l-2mm 25Z
plag. (An24_2 3) l“2nna 5Z
150-22 qtz l-8inm 70Z
20Z +5 alkali feld. l-2mm 25Z
plag.(An2422) 1mm 5Z
150-30 qtz 1-4 mm 55Z
20Z +5 alkali feld. l-3mm A5Z
FELSOPHYRE (VITROPHYRE)







size of matrix cry­
stals in ram.
Secondary minerals Xenolith description
Embayed-re- qtz-alkali-sericite sericite biotite
crystallized biotite-magnetite- biotite magnetite
boundaries well developed triple 






Not embayed qtz-alkali-sericite- sericite magnetite
(subhedral) biotite-magnetite- gping to (clay) hematite
recrystallized well-developed tri­ kaolinite zoisite
boundaries ple points-.02 to zoisite epidote
.04 (heterogeneous) no biotite 
qtz
sericite
Embayed qtz-alkali-sericite sericite biotite
recrystallized biotite-magnetite- biotite- magnetite









no triple points 
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Figure 42. Sample locations of met-quartz-porphyries. 
Solid dots are samples described in the petrography 
section.
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size of matrix cry­
stals in mm.
Secondary minerals Xenolith description
158-75 qtz 1-Amra 50Z Not erabayed- qtz-sericite-biotite chlorite chlorite
30Z +5 alkali feld. 1-Amm 40Z smooth alkali-devitrification epidote magnetite
Figs. 6, 5c plag.(An27_26̂ 1-Amra 10Z boundaries auto brec- 
ciated
texture no triple 




157-88 qtz 1 -Amra 60Z Embayed- qtz AOX-alkali 60%- sericite epidote
25Z +5 alkali feld. l-3mm 35Z sraall, cryet. serici te-schistocity epidote magnetite
Fig. 8 plag.(An26_25) l-3nan 5Z have smooth boundaries
devitrification tex­
ture, no triple 
points. .005 to .01 
(heterogeneous)
qtz . ilmenite 
sericite
157-90 qtz 1-Amm 65Z Erobayed- qtz-alkali-sericite sericite sericite
25Z +5 alkali feld. l-3mm 30Z smooth schistocity devitri­ magnetite
plag.(An2524) l-2mm 5Z boundaries fication texture, no 
triple points .005 to 
. 0 1 (heterogeneous)
chlorite 7
two types felted
157-94 qtz 1-Amm 50Z Embayed- devitrified glass sericite plagioclase
40Z +5 alkali feld. l-3naa 45Z smooth sericite-schi9tocity epidote An(31-25)
Fig. 7 plag.(An26_25) l-2mm 5Z boundaries some relic shards 








157-95 qtz 1 — 6 mm 60% Erabayed- qtz-alkali-sericite sericite
10Z +5 alkali feld. 1-Amra 30Z small, cryst. schistocity in two epidote sericite
plag.(An24_23) l-3mra 10Z boundaries 
are smooth
directions devitrif- 
cation texture, no 







Figure 43. Sample locations of meta-alkali feldspar porphyries. 
Solid dots are samples described in the petrography section.
META-ALKALI FELDSPAR-PORPHYRIES
Slice No.
Pnenocryst Z Type of Size Z of total Phenocryst
Figure No. phenocrysta Dimensional 
extremes
phenocrysta condition
136-47 qtz .3-7mm 5Z Embayed-
7Z +2 alkali feld. .3-5ram 35Z slightly
plag.(An23) .3-lccn 60Z clouded
150-25 
10Z +2 alkali feld. 1 — 6mm 75Z Resorbed-
(perthi te) clouded
Fig. 11. plag. (An^) .5-lmm 25Z
12-17 Resorbed-
10Z +2 alkali feld. .3-3nna 50Z sutured-
plag.(An24> .3-3mm 50Z pressure
shadows
1 - 1 0 q£z .2-lmm 20Z Resorbed-
15Z +5 alkali feld. . 3-9 tom 50Z embayed-





20Z +5 alkali feld. .3-5mm 65Z resorbed-
(perthite) few broken
Fig. 9 plag.(An23) .3-5na 35Z grains
Matrix description 





















































Phenocryst X Type of Size X of total
Figure No. phenocrysts Dimensional
extremes
phenocrysts
151-251 qtz l-3mm 10Z
10X +5 alkali feld. 8-1 Omm 60Z
Fig. 10 plag.(An2 2) 30Z
91-125 qtz l-2nnn 5X
10X +5 alkali feld. l-2mm 45Z
(perthite) 
plag.(An24) l-2mm 4 OX
90-125
5Z +2 alkali feld. l-2mm 60Z
157-83 
20X +5
plag.(An23) l-2mm 4 OX
alkali feld. .3-5mm 60Z
plag.(An24) .3-2mm 40Z
136-49 qtz .5-1mm 10Z





size of matrix cry­
stals in mm.










































































Figure 44. Sample locations of meta-plagioclae- 




Phenocryst X Type of Size Z of total Phenocryst Matrix description Secondary minerals Xenolith description
Figure No. phenocrysts Dimensional phenocryuta condition size of matrix cry-
extremes stale In mm.
158-73 
5% +2












6-5 qtz .4-1 mm 20% Resorbed- devitrified spheru- chlorite pseudomorphed horn-
15% +5 alkali feid. . 3-3irm 20% embayed lites-euhedral .05ran sericite blende
Fig. 12.













pyritealkali feld. .3-3mm 20%
12-19 
10% +5
















alkali feld. .2-2mm 10%





6-7 Clouded- recrystallized-tri- sericite —
5% +2 alkali feld. .1 -1mm 10% resorbed- pie points biotite (brown)







Phenocryst % Type of Size Z of total Phenocryst Matrix description Secondary minerals Xenolith description
Figure No. phenocryata Dimensional phenocry8ts condition si«e of matrix cry-
extremes stals in mm.
158-71 qtz .2-.5mm 5% Clouded- patchy devitrifi- epidote pseudomorphed horn-
10% +2 alkali feld. . 2-1 nun 15% resorbed cation no triple chlorite blende





157-85 ______ _'__ Albitized epidote-chlorite- chlorite pseudomorphed horn-
20% +5 — — sericite-in a felted epidote ■ blende
. plag.(An30_25) . 3-2rarii 100% texture (heterogen- sericiteeous) kaolinite
biotite (green)
albite
157-89 qtz .2-.5mm 5% Resorbed- patchy devitrifi- calcite —
5% +2 alkali feld. . 2-ltma 40% altered- cation sericite
(perthite) slightly sut- (homogeneous) garnet
Fig. 13 plag.(Ai>24) .2-1mm 60% ured montmorillanite
93-110 ____ Sutured- recrystallized-no biotite (brown) pseudomorphed horn-
7% +2 alkali feld. . 2-3 aua 5% clouded- triple points sericite blende
plag.(An22> . l-3nua 95% broken grains (heterogeneous)
90-118 ______ ______ Albitic rims- felted matrix chlorite
7% +2 ------ — — clouded- (heterogeneous) epidote







A Model for the Emplacement of the Sierra Nevada Batholith
The Sierra Nevada Batholith is approximately 400 miles long 
and varies in width from 60 to 80 miles. It also has very homo­
geneous composition considering its size. Combining these facts with 
more detailed information many geologists have attempted to explain 
the origin of the Sierras in terms of a model.
Models of the Sierra Nevada Batholith presented by these 
geologists can be placed in one of two categories: pre-continental 
drift theories and post-drift theories. Bateman’s paper (1966) is 
an excellent summary of pre-drift theories. The main mechanism 
Bateman used to explain the Sierra Nevada was that the Sierras 
represented the axis of a synclinorium that had been depressed to a 
point where melting had occurred and the melted portion was now the 
Sierran Plutonic rocks. This concept suffers from two major draw­
backs. The axis of the Paleozoic geosyncline did not parallel the 
present day axis of the Sierra Nevada Batholith. It would also be 
very difficult to generate enough magma by melting of a depressed 
sedimentary column to explain the present day volume of plutonic 
rocks in the Sierra Nevadas.
With the introduction of the New Global Tectonic Theory, 
summarized by Dewey and Bird in their 1970 paper, the mechanisms 
associated with drift theory can easily explain the shortcomings
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of pre-drift emplacement theory. The axis of the batholith no longer 
had to parallel a geosynclinal axis, it only had to parallel a 
subduction zone. The amount of magma necessary for the Sierras 
could be easily generated by eutectic melting of a subducted portion 
of oceanic crust. The conveyor belt nature of a subduction zone 
made generation of almost an unlimited supply of magma possible 
(Benioff, 1954).
Many authors have turned to the New Global Tectonic Theory 
to provide mechanisms for their models. A few authors have refused 
to accept any part of the New Global Tectonics. (One such author 
is V. V. Beloussov.) This had made him the target of many snide 
remarks, because of his refusal to accept the New Global Tectonic 
Theories and for. his attempts to explain structures attributed to 
these theories by vertical tectonics. While his refusal to accept 
continental drift theory in light of ever mounting supporting 
evidence is quite radical, the vertical tectonics school of thought 
has its place. When it is combined with a Benioff type subduction 
zone, the two schools of thought can be used to create an interesting 
model of batholithic emplacement.
My model assumes that eutectic melting in a subduction zone is 
valid (Figure 45a) and after generation of a magma by eutectic melting 
the magma begins to rise, because of a difference in density between 
the differentiate and the unmelted residual. Ramsberger, 1972, did
Figure 45a. The subduction zone has formed; the isotherms have been 
overturned resulting in a thermal anomaly; eutectic melting begins.
Figure 45b. Subduction and melting continue; diapirs form and move 
upward into the hot zone; isotherms of the crust are modified by 
continuous emplacement of the diapirs; modified isotherms allow 
remelting of previously emplaced diapirs.
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Figure 45c. Crystallization near surface raises water pressure in 
magma above lithostatic pressure, causing fracturing of the host rock 
which allows introduction of meteoric water; a hydrothermal barrier is 
thus created; diapirs build up at the barrier; the buildup creates an 
isostatic imbalance.
Figure 45d. The oceanic rise has been subducted, thereby stopping 
generation of the magma; the isostatic imbalance has resulted in 
uplift of the entire batholith; the isotherms have readjusted.
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some interesting centrifuge experiments on this type of diapiric 
rise, Figure 45b shows the cross section of the diapir he created 
experimentally. The migration of this magma is halted, when the 
density of the host rock is similar to the magma or when the 
temperature of the host rock is low enough to chill the magma and 
start crystallization. The most likely place for an eutectic magma 
to encounter a host rock of similar density is in a near surface 
crustal environment and therefore the buoyancy of the eutectic 
magma has a very dominate effect on the rise of a magma at great 
depth, O-'-lOO km.
Temperature also controls the upward migration of magma at 
these depths. After generation of the magma, it begins to move 
upward into a zone of high temperature (Figure 45a, Hot Zone).
This high temperature zone was caused by an overturning of the isotherms, 
when the cool oceanic crust was forced into a higher temperature zone 
(Figure 45a). This increase in temperature insured that the magma would 
move a significant distance beyond the point of its origin. When the 
diapiric mas finally reaches a cool zone, it begins to crystallize 
and its diapiric rise is thereby halted. But even though the magma 
has stopped rising, it has had an important effect on the host rock.
The addition of heat to the host will raise the isotherms in the 
crust. (Compare the isotherm in Figures 45a and b.) This allows 
succeeding diapers to pass through this material and be emplaced at
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a point higher in the crust before they begin to crystallize. This 
remelting of diapiric material by continued generation of diapirs 
during subduction would tend to make a very homogeneous rock type 
and on a batholithic scale the composition would tend to be gradua- 
tional both laterally and vertically in response to the subduction 
zone (Moore, 1959; Kuno, 1966; Buddington, 1959).
Modification of the crustal isotherms by sequential emplace­
ment of magma, diapiric rise would continue until the magma reached 
isostatic equilibrium with the host rocks. But when the magma is 
allowed to rise to a point near the earth's surface the confining 
(Pfoad) *-s decreased, which allows a crystallizing magma to concen­
trate volatiles in a residual magma. The shifting of the volatile 
concentration also causes the water pressure ( P ^ q ) t0 8reat^y 
exceed the load pressure. When the water pressure exceeds the 
strength of the host rock fracturing results. These fractures 
provide avenues for the release cf volatiles and lavas, but the more 
important effect in terms of batholithic emplacement is that these 
fractures allow entrance of meteoric water into a previously closed 
system. This cancels out the insulating properties of the host 
rock and promotes rapid cooling of the magma, when convection cells 
are formed in these fractured zones. If a group of these systems 
are active, a Hydro thermal Barrier to diapiric rise is created.
This Barrier forces crystallization of diapirs, before they have
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reached isostatic equilibrium in the crust and an isostatic imbalance 
in the earth's crust is created.
The lenticular shape of the intrusive portion of the Sierras 
can best be explained by looking at the Benioff Subduction Zone 
and realizing that there is probably a point in the zone where a 
large portion of the melting would occur. The position of this zone 
is also dependent upon the rate of subduction. Given a constant 
subduction rate the tendency would be to generate magma that would 
be emplaced as irregular mass, or as in the case of the Sierra, a 
lenticular mass.
Below this body of granitic rock is material that is dense 
and is composed of mafic materials derived from both the host rock 
materials and from remelting previously emplaced diapirs. If this 
residue were given a rock name, a gneissic grouping would be adequate. 
Bateman (1964) felt that geophysical evidence, specifically the 
anomalous gravity and heat flow of the Sierra Nevadas could be 
explained by a model that used body of granitic rock approximately 
10 km. floating on the residual gneissic rock mass.
The Hydrothermal Barrier causes the halting of emplacement 
of magma beyond a certain level, in the earth's crust. It also creates 
an isostatic imbalance by not permitting the diapirs to reach 
equilibrium in the crustal host rocks. The continuous addition of 
diapirs to the Sierran Mass From 160 to 80 m.y. ago (Evemden and
others, 1970) created a gradual build-up of this isostatic imbalance, 
As the batholithic body was added to and began to attain integrity 
during cooling, there was an adjustment to equilibrium by a tectonic 
uplift of the entire batholithic mass. The wedge (lenticular) shape 
of the batholithic body has been expressed by the tilting of the 
Sierras to the west. Figure 45 shows the cross sectional details 
that are a result of this uplift.
Conclusion
This model has used the following sequence of events to 
explain the present configuration of the Sierra Nevada Batholith.
The formation of the Sierras began with the forcing of the oceanic 
crust under the continental crust causing a Benioff Subduction Zone. 
Secondary effects of this subduction zone are a depressed thermal 
gradiant along the zone and eutectic melting of subducted materal at 
depth. The density difference between the eutectic melt and the 
residual permit a diapir of this eutectic magma to form and begin 
to rise. This material moved quite freely into the Hot Zone, because 
the temperature was high enough to prohibit crystallization. As 
this body of magma rose in the crust, it was finally halted by 
crystallization, when it reached a zone of lower temperature excluding 
pressure or density effects. But even though this material was no 
longer moving, it did perform the important function of raising
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the thermal gradient in the crust. This allowed the next generation 
of diapirs to go beyond the previous ones. If this type of emplace­
ment had been allowed to proceed to completion, it is conceivable 
that because of the superior insulting properties of rock, large 
bodies of magma could be emplaced within a few hundred feet of the 
earth's surface before they cooled. But crustal fracturing due to 
exceeding P^oacj and the addition of meteoric water along 
these fractures prevents this type of equilibrium. The cooling 
effect of the meteoric water halts further the modification of the 
crustal isotherms, thereby halting diapiric rise of the magma 
beyond the depth where surface waters penetrate the crust. This 
creates a Hydrothermal Barrier. This Barrier does not allow the 
magma to reach isostatic equilibrium with the crustal host rocks.
The isostatic imbalance has expressed itself, in the case of the 
Sierras, by a massive uplift of the entire batholith. Thus with 
the erosion of the epizonal portion of the batholith and the 
exposure of the mesozonal portion, the major details of the present 
day configuration of the batholith are explained.
While this model does not attempt to explain all the 
subtle details of the Sierra Nevada Batholith it does provide 
a basic model that can be added to by reading other papers that 
are concerned with different portions of the batholith and its
relationship to a subduction zone (Atwater, 1970; Hamilton, 1966).
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